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Welcome to the Ma rine Corps Institute training program. Your interest in
self7improvement and increased professional competence is commendable,

Infor'lliation is provided below to assist you in 'completing the,course.
Please read this guidance before proceeding with yoOristudie,§:

401

I.' MATERIALS
4

-Check your course materials. You should have all the materials listed in
the "Course Introduction.° In addition you should have.an envelope to mail
your review lesson back to MCI for grading unless your review lesson answer
sheet is_of the self-mailing type. if your answer sheet is the pre-prihted
type, check ,to see that,your,name, rank, and social security number are
correct. Check closely, your MCI records are kept on .a computer and any
,discrepancy in the above information may cause your subsequent activity t.9 go
unrecorded. You may correct the information directly on theanswer sheet. If
you did not reeeive pll your materials, notify your training NCO. If you are
mit attached to a Marino Corps unit, request them through the Hotline (autiovon
288-4175 or commercial'202-433-4175).-

INFORMATION

FOR

,MCI STUDENTS
I

MCI7R241:NRL

2. LESSON SUBMISSION

The self-graded exercises contained in your course are not to be returned
to MCI. Only the completed review 'lesson answer sheet shouldbe mailed to
Md. The answer sheet is to be completed and mailed pnly after you have
finished all of the study units in the course booklet. The review'lesson has
been designed to prepare you for the finallilleination.

It is important that you provide-the required information at the bottom
your review lesson answer.::sheet if it does not have your Dame.aftd addre$s .10,

printed on.it. In courses in w the wdrk is submitted on blank paper or
printed forms, identify eao eet in the following manner:

DOE,*John 4. ,Sgt 332-11-9999
08.4g, Forward Observtition
Review Lesson '

Military or officeaddress
(RUC number, if available)

Submit your revkw lesson,on the answer sheet and/or forms provided.
Complete all blocks and follow the directions on the answer shpet for
mailing. Otherwise, your answer sheet may beldelayed or lost. If you have to
-ibtercupt your ttudies for any reason and find that you cannot complete your
course in one year, you may reqUest a single-six month extension by contacting
your training NCO, at least oneTmonth prior to your course completion deadline
date. If you.are not attached to a Marine Corps unit you may make this
request'by letter. Your commanding officer is notified monthly of your status
through *monthly Unit 'Activity Report. In the event of difficulty, contact
your training NCO or MCI immediately.
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the mailin of your review lesson slid its rettrrn.to you.- '

) ' Prese'nt420pbelow arl the mail-time delays that'you may e4erience' between
/ . . , .

,. l

F 4

..
°

TURNAROUND .. MCI.PROCES.SING TOTAL NUMBlii

-' DAYS ! 7MAIL TIME . TIME .

EAST COAST, 16 6 *
,

* 21

WE'sj-COAST 16 .5. ^ 21

FPO NEW YORK 18 ,

.
5 ' 23

FPO SAN FRANCISCO 22. ..

,
5 27

i

You may also experience,a shortdelay in receiving your final e0oinatiop
due to adTinistrative screening required. at MCI.

-4

4. GRADING'SISTEM

LESSONS EXAMS.

GRADE PERCENT MEANING

B

C

94-100 EXCELLENT
86-93 ABOVE AVERAGE
78-85. AVERAGE
70177 BELOW AVERAGE

NL BELOW 70 1-FAILING '

1 GRADE PERCENT

A 94-100
B 86-93`

C 78-85
D 65 -77

f
.

BELOW 65

You will receive a'percentage grade for your review.lbsson and for the
final examination. A review lesson Which receives a score below.70 is given a
grade of NL (no lesson). It must be 'resubmitted and PASSED before you will , -

receive air examination. The ghde attained on the final exam is your course
grade, unless you fail your first exam. Those who fail.their first exam will
be sent an alternate exam in which the hilihest grade possible is 65%. Failure
of the alternate will result in failure of the. course:

5. FINAL EXAMINATION

ACTIVE DUTY PERSONNEL: When you pass your REVIEW LESSON, your examination
will be mailed automatically to your commanding officer. The administration
of MCI final examinations must be supervised by a coruissioned or warrant
officer or a staff NCO. A

5I

OTHER PERSONNEL: Your examination may be administered and,l'upervised by

your supervisor. -,
6 COMPLETION- CERTIFICATE

The'completion certificate will be mailed to your commanding officer and
.your official records will be updated automatically, ror nen Marines, your

completion certificate is mailed to your supervisor.

1,
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7. RESERVE:RETIREMtNT1rDITS

)'( kinei-ve retirement midits.are awarded to inactive duty personnel only.
,Civdtts award9d.for each course are,listed in the ,"Course Introduction."
Crdidits are 6nly'awarded-upon Sucrftssful, completion of the course. Reserve

- retirement:credits are not awarded MCI study performed during drill
pe)-iodsjf cre4,its. are dlso:awarded for drill'attendance.
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Only labr commanding officer can request your disenrollment from an MCI
course._- however, an automatic 04senrollment occurs if the course is not
completed (including' the final exam) by the time you reach the CO (course
completion- deadline) or the ACCD (adjusted course completion deadline) date.
This action wt1T adversely affect the unit's completion rate.

9. ASSISTANCE.

Consult your training NtO if,you have questions concerning course
content. Should he/she bNunablesto assist you MCI is ready to help you
-whenever you need it. Please use the Student Course Content Assistance
A*
Kerquest"Form (ISD-1) attached to the end of your course bookleeor call one of

"-,*the AUTOVON telephone numbers liite'd below for the appr4riate 'course writer.

PERSONNEL/ADMINISTRATION
COMMUNICATIONS/ELECTRONICS/AVIATION
NBC /INTELLIGENCE
INFANTRY
ENGINEER /MOTOR TRANSPORT
SUPPLY/FOOD SERVICES/FISCAL
TANKS/ARTILLERY/INFANTRY WEAPONS REPAIR
LOGISTICS/EMBARKATION/MAINTENANCE MANAGEMENT/

'ASSAULT AMPHIBIAN VEHICLES

288-3259

288-3604
288-3611
288-2275
288-2285

288 -2290

For administrative problems use the UAR oWcall.the MCI HOTLINE: 288L4175.

For commercial phone lines, use area code 202 and prefix 433 jnstead of
288.

p

*



f t

PREFACE k

Metalworking and Welding Operations Was been designed to provide metalworkers, machinists,
and welders4MOSIS 1316, 2.161, and 3513, sergeants and below, with a source of study material
on the operitioland maintenance' of welding equipment and sheetetal machines used in the ..
Marine Corps. 'The Arse provides-broad coverage, of the welding processes and identification.
and heat treatment of Metals, and their alloys. The courlie also provides stoverage on repair.
and restoration of damaged sheet metal and Maine Corps equipment:

NAVPERS 10645-D

NAVPERS 10308-B

TM 5-4940-201-12

TM 5-4940-20412

T 9-237/TO 34W4-1-5
TM -243 .

0.4055A- p

TM 040558-15
SL-4-04055A

'SL-4-04076A

2

.

F
.SQURCE MATERIALS At

Construction Mechanic 1 & C, Department of
the Navy, Bureau of tlavar Personnel, 1970 -

Structural Mechanic S 3 & 2, Department of
the Navy;_tureau of Naval PerSonnel,1969

Shop Equ ipment, Organizational Repair, Light
Truct 145unted,

ShortguiVment, General Purpse Repair,
SeMitrailer FIounfecli Set Flo. T, 1962

Use ac -Care of Han ols and Measuring
Weldini Theory and A No'dtlication, N 67

Devices, 1960
We 'raid-Set Arct Trailer Mounted, Model

LM-67, 19k
Welding Machine Arc Ltik2a, Apr 70
Welding Machines Arc, l4odel LM-6?, 1963
Welding Medi ine, Hard-Surfacing, del HSM-62,

I
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Course Introddetion

METALWORKING AND WEAING OPERATIONS is a basic course of particular value to Marines
-.working, in or towards the MOS's of 1316, 2161, and 3513. 'In addition- to the fundament
sUbjeciimItter of the come,there Are Instructions on identification of metals.anefieir
alloys; electric arc welding;.weldi g with gases; metalworking machines and tools; weldivg :

'<-

equipment and welding procedures._ t A in the Marine Cdrfs.

ADMINISTRATIVE INFORMATION 41/1

MIER OF STUDIES

Study Unit
Number

Study ,

Hourli.;,

,

,...

Subject Mater
,

)4
1

2
,3

4

5

6

3

4

3

3

2

2

2

2

T ' -.ye.. -

Weldable Metals and Their Atloys' 4 "
Arc Welding PeOcess . ..',e' ,r

..

Gas Welding Pr9cess . -v.* - 1

Metalworking M'achines,,Tools
- g

Repairing Equipment and Interpreting-MAielng -$ymbni
Weldlng Symbols ,

-zip,

REVIEW LESSON
FINAL EXAMINATION

RESERVE RETIREMENT 7.

CREDITS': rt

EXAMINATION: Supervised final examination without textbook or-notes;- time lAmit, 2
houis

MATERIALS: MCI 13.32f, Metalworking and Welding Operations.
Review lesson and answer sheet.

RETURN OF V Students who successfully complete this course are permitted to keep
MATERIALS: the course materials.

Students disenrolled-for inactivity or at the request of their
Commanding officer will return all course materials,

HOW TO TAKE THIS COURSE

This course contains 6 study units. Each study unit begins with a general objective that
is a statement of what You should learn from the study unit. The study units are divided into
numbered work units, each presenting one or more specific objectives.' Read the.objective(s)
and then the work unit text. At the end of the work unit text are study questions that you
should be able to answer without referring to ghe text of the work unit.. After answering the
questions, check your answers against the coregct ones listed at the end of the stuOy unit.
If you miss any of the questions, you should restudy the text of the work unit until you
understand the correct responses. When you ha4 mastered one study unit, movet4p to the
next. After you have completed all study units, complete the review lessor and take it to
your training officer or NCO for mailing to .MCI. MCI will mail the final exlminationto-your .
training officer or NCO when you pas the review lesson:

ti

I.
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MARINE CORPS INSTITUTE

Welcome to the Marine Corps
Institute correspondence trashing pro-
gram. Hy enrolling in this course, you
have shown a desire t6 improve the

' skills you need for effective job porn:sr-
hiance, and MCI has provided materials
to help you achieve your goal. Now all
yon need' is to develop your own method
for using these materials to best advan-
age:

o The following guidelines present
a four-part approach to completing your .

MCI course successfully:
s.

1. Make a. relciStmaissance" of
your materials.;

2. Platt your study tinte and choose
a good study environment:

Study thoroughly anctsystem-
atically:

1. *Prepare for the final e\am,

I. MAKE "RE(.:ONNAISAANCE- 01:
YOE-HMATE13"I'S,1

Begin \\Mt n look at the eouse ,

introduction page. Read the COt:RSE
INTRODLCIION to get the "big preture"-
of the course. Then react the NIATLRIALS.
section near the hotkom of the page In
find out which teNtl5 3 and study aidti you
should have received with the course.
If any of the listed materials are mi6S-

% ing, see Information for MCI Students
to find out how to gef them, If put have
everything that is listed, you are ready
to "reconnoiter': your MCI course.

S
T
U

G
U

1

of
the talale(S) con-

tents of your text(s). Note the v otis
subjects cove*d in th-e course and the
.ordor in which they are taught. Leaf
through the lext(s) allot look at the inns-

or
A

to
vii

10

trations. Read a few work unit ques-
tions to get an idea of the types that are
asked. If MCI provides other study
aids, such as a slide rule or a plotting
board,.fiimiliarize yourself with them.
VOA, get down to specifics!

PLAN YOUR STUDY TIME ANY)
CHOOSE A GOOD STET! E1N.VIRON-
Mt:NT

From looking over the-courSe
materials, you should have some idea
of how much study you will need to corn-7
plow this course. But "some idea" is
not enough.' You need to work up a
personal study plan: the following steps
should givkyou some help,

Get a calendar and mark those
days oi the week w hen you ha\l' time,
free for study. 'I o study periods ipei'
week, each lastin I to 3 hours, are

)
suggested for completing the minimum
two study units required each month by
AWL Of course, V oi,1; and othet ._.schedules are not the same for ees.1-yotic,
The important thing is that you schedule
a rewiTar tints lot' stud) on the same
clays of each week,

' 0 Read the course int roduOion
page again. The section Martea ORDER
OF SI-FIXES tells you the numbe of
study !lints in the course and the approx-
imate number of study hours you will
need to complete'each stydy.unit, Nig/
'these studyttours into your sehedull..4
For example, if .you set aside two 2-hour
study periodii each week and the ORDER
OF STVDIES estimates 2 study hours for
your t:irst sandy unit, you could easily
schedule and .completethe first study
unit in One study period, On your calen-
dar yins %squid mark "Study Unit 1" on the%
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4.

45

I.

appropriate day. 'Suppose that the
second study unit of sour tours b re-
quires 3 study hours. In that case, you
would divide the study unit in half and
work on each half during a separate
study period. You would mark your
calendar accordingly. Indicate on you
calendar exactly when you plan to Work
on each study unit'for the entire course.
Do not,forget to schedule one or two
study periods to prepare for the final .
exam.

©Stick to your schedule.
.

Besides planning your study
time, you should also,choo0e a study
environment that is right for you, Most
people need a quiet place for study, like
a library or a reading lounge; other
'people study l better where thee'is tack-,
ground 'Tulsa:: still others prefer to study
out-of-door . You must choose your
study envi nment carefully so lot it

ot

--.3 fits your individual needs, ,°

*a.

III. STI'I)Y HIOROLTHILY AND
SYSTMATIt'AL1

Armed with a workable schedule
and situated in a good study environment
you are now ready to attack your course
study unit by Study _unit. To begin, turn
to the first page of-study unit 1.- On this
page you will find the study unit objective;
a 'statement of what you should be able to
do after completing the study unit.

DO NOT begin by reading the
work unit questions and flipping through
the ..text for answers. If you do so,
you will prepare to fail, not pass, the
Hear earn. Instead, proceed as fol-
lows;

0 Read the objective for the
first work unit and then read the work
unit text carefully. Make not .s on
the ideas you feel are import 1,

re4 \Vithotit referring to the text,
answer the questions at the end of the
work unit.

C' Check your answers, against
the correct ones listed al the end of
the study unit.

ON you miss any of the questions,
restudy the work unit until you understand
the correct response.

Go onto the next work unit and re-
peat steps O through CI until you have com-
pleted all thus work units in the study unit,

viii
11

9

Follow the same procedure for each
study unit of the course; If you have
problems with the text or work unit questions
that you cannot solve oti your own, ask
your section OIC or 4:COIC for help. If
he cannot aid you, request assistanke(from
MCI on the Student Course Contes`tAssis-
tance Request included with this course.

When you have finished all the study
units, complOte the course review lesson.
Try to answer each question without the aid of
reference materials. However, if you do not
know. ap answer, look it up. When you have ,
finished the lesson, take it to your training
officer or NCO for mailing to MGI. MCI
will grade it and -send yQU a feedbacic sheet

-listing course references for any questions
that you miss.

IV. PREPARE: FOR THE FENAI. NAM

-")

0 lin do you prepare fo, the heal
exam? ram these four steps:

OReview each study unit objective.
as a sum ill a.ry or what was taught in the
course.

°Reread potions.or the text.-
that you found particularly difficult.

© Review nil the work unit questions,
paving sp?,cial attention to those you misseki
the first time around.

'Study the course review
lesson, paying particular attention
to the questions you missed.

If you follow these simple
steps, you should do well on Ur.
final. GOOD LUCK!

`7,



r
, STUDY UNIT 1 :

WELDABLE RETALS AND THEIR ALLOYS

-gum UNIT OBjECTIVE: (IPON SUCCESSFUL 'COMPLETION Of.THIS SMY UNIT, YOU WILL ,

IDENTIFY 'THE BASIC WELVING PROCESSES OD THE'CHARACITERISI4CS AND COMPOSITIONS OF
METALS. IN ADDITI6N, YOU WILL IDENTIFY THE METHODS USED4FOR METAL.IDENTIFICATION,
THE HEAT-TREATING PROCESSES OF STEEL AND RELATED 'QUIPMENT. .,

. e

To perform duties as metal worker, you must have,a working knowledge of metals,
their classification', properties, heat-treatment, and welding processes. Yotimmust become
familiar with the'ever-growing family of metals-and alloys. The welding process is one of the
principal means by which, metals are Joined. It is a fast, efficient, and economical operation
that produces dependable results. Of the many Methods of welding metals, the ones that you
will come in contact with the most will be the gas and arc methods: therefore, only these
methdat- Will be discussed.

Section I. BASIC WELDING PROCESSES, CHARACTERISTICS, AND
COMPOSITIOU OF METALS AND THEIR ALVYS

Wbrk -Unit 1-1. WARP'S OF WELDING

IDENTIFY THE TWO WELDING METHODS.

6as welding. Your principal duty In gas welding is to,.;:control aii direct the heat on
the edges Of the metals to, be welded and to add a suitable filler material to the pool of
molten metal. The intense heat obtained in this process comes from the combntiOn of gases,
usually,a mixture of oxygen and acetylene. This method is commonly referred to as
oxyacetylene welding.

Electric welding. In this fielleofdwelding the two processes most commonly used are
the resistance and the, ectric arc methods. Since the resistance method is mostly used in

if
production line manufacturing of products, only a bri explanation of how it workscis-
necessary. In this method of welding, the work is pl ed in the 'Path of ,a high- amperage
current, and the heat required for the welding it .generated'by the resistance of the metals
contact between the work pieces to the passage of the current. In other words, if two pieces
of metal are placed between'conductors (electrodes) for a high-amperage low-voltage current,
the metals will become semimolten if the current is stopped before the pressure is released, ,.

thus Allowing these metals to cool and return to a solid state with solid strength. The most
common method of electric welding-land the one which you will be most interested in is electric
arc. This is the process of fuzing two metals together under heat liberated in an arc stream
and depositing a filler metal from the tip of an electrode' into the molten pool of metal.
Mixing of the filler metal with the moltep fetal produces a strong and dependable weld. A neW 4
field of arc welding which produces better welds f? the gas-shielded process. In this welding
process, both the arc and the weld are shielded by an umbrella of inert gas that hiS to active
chemical properties. The umbrella or shield of gas keeps, atmospheric contatination away from
the arc stream and the molten pool of metal. These methods, more commonly known as Tungsten_IC Inert Gas (TIG) and Metal InertGasIMIG) welding, produce more solid Velds. .. ,

.

1.
EXERCISE: Answer the following quesiions and check your responses against those listed -at

the end'bf this study unit.

. 1.' Identify the two commonly used methods of wel ing.wel

a.. TIG and pup , c. Gas d Electric
b, Gas and TIG d.- MIG nd Electric

2. State the principal duty in gas welding.

. . .

3. The process of fuzing two metals together under heat tiberated in an arc andof
despositing a filler metal from the tip Of an'electrode into Aolten pool of

c:.)metal is known. as , welding. 46
I

a. electric arc c. MIG
b. oxylptylent d. 'TIG

1-1

12

44.



41 List two types of gas shielded welding.

AL

Work Unit 1-2. CHARACTERISTICS OF METALS AND ALLOYS

-NAME AND DEFINE THE TWO PROPERTIES OF METAL.

. ,
To become An efficient metalworker, you must know the properties of metals. this

knowledge will aid you to propenlOweld and work the metals. Everything In nature is made of
, one or more elkmenbs. An element is oe of the building blocks, with which nature builds more

complicated substances we fall compounds. Compounds are 'always conposed of two or more.

elements. For a given compound,. these elements are doatineti in definite fixed proportions.

For exa le, .water contains two parts of hydrogen and one of oxygen (H20). Physical

properti s are metal properties determined by chemical compositions which cannot be changed by

heat-trea nt. They inyolve color, luster,.weight, electrical conductivity,-and thermal

ccoductivity. Identification and 'possible useot metals and alloys can be determined from

their physical properties. The characteristics of a metal to-resist deformation caused by

external torces are called mechanical properties. They are many, and several are listAd below

Vith their definition. .

Hardness. The resistance of a substance to indentation or penetration.

Wear resistance. The ability of a substance to withstabd the cutting or abrasive action

generaled gy the' sliding motion between NO ,surfaces that are under pressure

Tensile strength (fig 1-1). The maximum stress that a substance will deveftw under a slowly

applied load, stated in pounds 'per square inch (psi).

w,

Stress (tig 1-2).

TENSILE S

Fig 1-1. Tenale strength.

FORCE

4

The reaction of a substance to an externally applied force.

FORCE

STRESS

Fig 1-2. Stress.

Strain (fig 1-?). The change in length per unit of lievngth of a material that is subject to

.1-2

13

t

1
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1 -3. Strain,.

J

Corrosion resistance. The ability of a metal to withstand chemiC0 or electrqchemical 'action
by atmosphere, moisture, or other agents.

Shear strength jfig 1-4). The resistance to a 'force acting in a tangentir tendingl manner to
cause.partieles of a body to'slide °ver each other.

4

SPOT. WELD

SHEAR STRENGTH ACTS

ON SPOT WELD

SHEAR STRENGTH

Fig 1-4. Shear strengthn spot weld.

Toughness. That property of a metal which enables it to withstand shock, end
stresses, And be deformed without breaking.

MachinabiliV. The ease with which stock metal is turned, planed, mille
In the machiiieeshop. Proper heat-treatment improves this property.

Ductile. The propertY of metal which makes it capable of being drawn,
oiWn; in other words, easy to work.

e strains and

d-,1 or otherwise shaped

EXERCISE: Complete the exercise below and check,your responses against
end erf this study unit.

2.

Name the, two properties of metal and define each.

stamped, or hammered

those listed at the

/..

,1

4.



Work Unit 1-3. COMPOSITION OF FERROUS METALS

IDENTIFY CHARACTERISTICS OF THE 'FOUR IRON METALS.

IDENTIFY THE CHARACTERISTICS OF PirAItipCARBOU STEELS.

LIST THE SEVEN ALLOYS OF STEEL

Metals and alloys are both called_ metals; they both have metallrc prpper ies..
is

pure
metal Is usually defined as an element thA, when solid, has a crystalline struc re,
usually- opaque, is a good conductor of heat, and has a peculiar luster when fractu ed. Some

examples of pure metal are iron, aluminum, zinc, lead, copper, and magnesium. Pure are
always elements. An alloy, on the ether hand, is a substance that has metallic properties and
is composed of two or more elements, at least one of which is a metal. Examples of alloys are
steel, bronze, and heat-treatable aluminum. The metals with which you will workars
into two general classifications: ferrous and nonferrous. A ferrous metal is composed mostly
of iron; for example,pig iron, cast iron, wrought iron, carbon steels, and the Various alloy
steels. All other metals are nonterrous. You are probably familiar with many nonferrous
metals, such as gold, silver, lead, zinc, -aluminum, copper, and tin.

a. Ferrous metals. Betore iron and steel products can be manutactured, you must mine and
then convert it, to metallic iron by melting it in a blast furnace in the presence of coke and
limestone. The chemical and physical reaction which takes place in this process reduces the
ore to moJten iron. This iron is drawn from the bottom of the fur ace and poured into molqs
to form thapes of ctinvenient size, known as "pigs." Pig it is composed of about 93% iron;
3% to 5% carbon,'and varying atnounts of other elements. Pi§s are used in the manufacturelol
cast iron. ,

(1) Gray cast iron. This typerbf cast iron contains 90% to 94 %'pure iron and varying
proportions of carbon, manganese, phosphorus, silicon, end sulfur. It is very
fluid when in the form of molten and it solidi fies slowly; therefore, castings .pt
:intricate designs -can be easily made with this metal. It weight and rigidity are
required without very great strength, use gray caste Usually, it is found in the
'blocks of automobile engines, pump bodies, gears, pulleys, and machine frames.

White cast iron. It is produced by casting against metal chills (special blocks
used to dissipate heat). This procedure causes the tree carbon in the gray cast
iron to co bine with the iron. The result is a vet4 hard and brittle iron with no
tree carbon. This metal can be used yob ardness- and resistance to wear are .

essential, such as for treads on freight ar wheels. It is not recommended to
weld white cast iron.

4

(3) Malleable cast iron. By heatin'q white cast iron to about 1,6500F, by holding it
at this ternperaiture for- several hours or even days, and by cool ing it slowly, we
have what is known as a malleable cast iron. This type of cast can he bent
without break ing, and it will w-fths tand shock. Hard-wearing handtools',. pi pe
fittings, and automotive par.ts are usually made of malleable cast iron.

(4) Wroughtiron. When pig iron is further refitted in a puddling furnace, Still more
of its impurities are removed. The resulting product is wrought iron. The

chemical analysis of .wrought iron and mild steel are practically the sante; the
elements of both metals are very similar. In iron, the carbon content iS
considered' an impurity, whereas in steel the.carbon content is considered\ an
alloying element. An alloying element produces a desired or wanted effect. Also,
the differences in the process of manufacturing cause theigli fference in th
properties of the two metals. Wrought iron is made-by a process of puddling,
squeezing, and rolling. This introduces slag into the iron and gives it a fibrous
internal structure similar to that of a piece of wood. This structurekis
responsible for its workability and resistance to corrosion. It is used_for crane
hooks, bolts, piping, rivets, and nails. Steels, on the othei4 hand, are made by a .

))rocess or smelting, Ocarburizing, deoxidizing; solidifying,' and roll ing. The
decarburizing relieve?. the excess, carbon, and deoxidizing takes out other
impurities .by the use of manganese. Daring most of its manufacture, steel is in
molten condition. When it is poured into ingots, it solidifies into a granular
structure. It is then sent to rolling mills to be formed into shapes. As

mentioned before, on the surface. mild steels and wrought iron look the same; the
internal structure is the difference between the two. A further look at different
types of steels that you will come into contact. with will be presented below.

1-4
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b. Plain carbon steels. The carbon which is dissolyed or combined in these steels may be
present iii-Catious'imdunts depending on the type of steel, but in any case wal not exceed
1.70%. Carbon steels may also contain other elements such as manganese, which is.added to
increase the hai-dness and toughness of the metal by-reducing impurities, and silicon, which
frees the metal.from pockets and blowholes (pockets of gas trapped in solidifying molten
metale: Sulfur and phosphorous are coAsidered impurities, but in some,case's sulfur is added
,to ineftase the machinability of the metal. ..;-

(1),Lowcarbon steels. "These are steelstattaining up 0.25% carbon which are visually
used when structural strength is Wm) great importance. These steels are easily
welded

(2) Medium-carbon steels. These steels have a carbon content ra ing from 0.25 to
0.45%. When these steels are welded, the zone in 'the vicini of,the weld which
has been heated to its critical temperature will harden if cooled rapidly. This
hardening can be avoided by preheating the metal to between 3000 and 5000F,
depending on the thickness of, the metal and its carbon content before welding, and ,

also by heating to a temperature below the critical range, usually to-about
1,110°F and allowing it to cool slowly, thereby removing internal,stresses which
developed during the welding operation. This is known as stress-elievi4,-

(3) High-carbon steels. These steels have a carbon content exceeding 0.45%. They are

icinity of the.weld. High-carbon steel must be reheated to at least 5000F

very difficult to weld because of the hardening 1fect of the heating in the
;vicinity

before welding, and stress-relieved at 1,1000 to 1,2500F after welding.
u , 41

(4) Tool steels. Tool steels nOrmally, gave a carbon content exceeding 0.60%. They
are relatively hard to weld and require slow preheating up to 1,0000F.
Stress-relieving similar to that required for high - carbon steels and subsequent
reheat-treatment, must be performed immediately after welding.

(5) Copper- bearing 'steels. These steels are generally of the low-carbon type and
contain x.20% to 0.50% copper. They have the welding characteristics of
low-carbon steels,

c. Alloy steels. The principal metals used as alloys in steel are chromium, manganese;
molybdenum, nickel, tungsten, and vanadium. Silicon is combined with some of these metals to
obtain certain desired.charactertstics. Many of the'alloy steels contain several alloying
elements, and all those listed are weldable. The alloy steels with the simplest composition
are generally easiest to handle.

41) Chromium.. This is used as an alloying element in low-carbon steels to increase
corrosion resistance, hardgpability, and resistance to shock. It also imparts
high strength wjth little loss in ductility. All corrosion-resistant steels
contain chromium and nickel.

(2) Manganese. Manganese is.used in ste 1 to produce greater toughness and wear
resistance, and to promote easier h -rolling and forting.. Increasing .manganese
in steel decreases the weldability o the finalproducl.

(3) Molybdenum. Addition of this alloy to steel increases the hardenability, which is
the depth of hardening possible through heat-treatment. The impact-fatigue
property of a steel,is improved with up to 0.60% molybdenum. Above 0.60%, this
property Is impaired, but the wear resistance is improved when the content fs
raised to above 0.75%. t lybdenum is sometimes combined with chromium or nickel
or both. MoVbdenum is metimes combined with chromium, tungsten, or venadiut9 to
obtain desireable prope es.

(4) Ifickel. Toughness, ductility, and Strength of steel are increased by adding
nielcel. It lowers the hardening temperature so that an oil quench rather than a
water quench can be used for'hardening. The addition of 25% to 35% nickel to
steel develops high resistance to.corrosion.

(5) Tun sten. This metal alloy bnables hardened steel to retain its hardness and
. strength even when heated to 1,1500F. For "this reason cutting tools made of
tUngsten-steel can be used at a speed or cutting depth where friction would raise
the temperattre to 1,0000F without impairing the effectiveness of the tool.
Tungsten is freqdently used in conjunction with other alloying elements, such as
chromium and vanadium.

1-6
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(6) Titanium and columbium. These elements areliked as an additional alloying agent
in Tow-carbon content, corrosion-resistant steel that also contains chromium and R

nickel. They support resistance to intergranular -corrosion after the metal is

subjected to high temperatures for a prolonged period.

(7) Vanadium. The-phIppry purpose of vanadium is to incr ase the hardenability and
strength of the ste61 and decrease the grain size.- It is also added during the
manufacturing of steel to remove oxygen.

kXERCISE: Answer the'fNlowing questions and check your responses against those listed at .

the end of this study unit.,

1. The cast iron used in making automobile engines is

a. gray.

b. wrought.

c. white.
7

d. malleable.

2. The ,cast iron not recommended for welding is

a. gray. c. white. -

b. wrought. d. malleable.

3. The cast iron which can be bent without breaking is

a. gray.

b. wrought.

c. white.
d. malleable.

4. The cast iron used to maze nails, rivets, and crane hooks is

a. gray.
b. wrought.

c. white.
d. malleable.

5. The maximum amount of carbon found in plain carbon steel is

a. 0.25%
b_ 0:45%

c. 1.70%

d. 1.90%

6 When structural strength is of no great importance,

a. copper-bearing c. ,medium carbon

b. low carbon d. high carbon

, 7. The maximum amount of heat required for stress- relieving high-carbon steel is

7

is used.

a. 500°F.
b. 1,000°F.

c. 1,100°F.
d. 1,240°F. I

8. The plaiWcarbon steel with a carbon-content exceeding 0.60% is

a. low. C. high.

b. medium. t tool.

9. Copper- bearing steel has a'copper content of to

a. 10% to:20% c. 0.20% to 0.50%

b. 15% 'to 30% d. 25% to 55%

10. List the seven alloys of steel:

tC. (1) .

, (2) .

(3)
(4)

(5)
(6)

(7)

1-6
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Work Unit 1-4, COMPOSITIONS OF NONFERROUS METALS AND ALLOYS

MATCH FIVE OF THE TWELVE NONFERROUS METALS WITH THEIR_ CHARACTERISTICS.

a. Aluminum. Alunlinum, alloyed with magnesium, copper, iron, or other metals, is most ',
commonly used,for industrial purposes. The most noticeable characteristics of these alloys
are their high strength although their weight is light and they resist corrosion. Most of
these alloys in tolled, cast, or extruded form can be welded by.the oxyacetylene, resistance,
and electric-arc processes.

b. Copper. This metal is commercially available/in two major grdups: oxygen-bearing ,
copper and oxygen-free copper. The oxygen-bearing copper is of medium strength, ductile,
tough, and highly malleable. The oxyfen-free copper has the same general characteristics, but
the properties are more uniform and the electrical and thermal conductivities are somewhat
higher.

c. Co er alloys (brasses), These are copper-zinc alloys with varying percentages of
these two metals with corresponding variations in the properties of the brass. Occasionally,
as described below, a third or forth alloying metal is added o.improve one or more of the
mechanical properties. Brasses are produced in three classifications; low,, high, and alloy.

(1) Low brasses. These brasses contain 80%,to 95% copper and 5% to 20% zinc. They,.
range in color from red through gold, to green-yellows: The log brasses are
ductile and malleable at room temperature. They can be cold-worked by such
operations as deep drawing, spinning, and stamping.

(2) High brasses. High brasses contain 55% to 80% copper and 20% to 45% zinc. The
tensile strength, hardness, and ductility increase as the percentage of zinc
increases: Metals suitable for both cold- and hot-working are found in.the high
brasses.

(3) Alloy brasses: The alloy brasses contain, in addition to zinc, small quantities
of tin, manganese, iron, or lead. These' alloying agents are added-to prodbce
desired.properties, such as machinability, resistance too corrosion, and
improvement of hot-working properties,

ti

d. Silicon bronze. Copper silicon alloys (silicon bronze) contain silicon with zinc,
tin, manganese, or iron as alloying agents. They havehigh tensile strength and excellent -

corrosion resistance and are readily welded, usually by the..carbon -arc process.

e. Phodphor bronze. Copper-tin alloys (phosphor bronze) contain tin (1.5% to 10%) as the
principal alloying agent, al small quptity-of phosphorus as a deoxidizing agent, and small
percentages of zinc, manganese, lead, antimony, or iron. These bronzes are tough and hard and
have high fatigue resistance.

f. Aluminum bronze. Copper-aluminum alloys (aluminum bronze) 6ntain aluminum as the
principal alloying agent with additions of nickel; iron manganese, and silicon in varying low
percentages. The working characteristics, hardness, ductility, and other properties of these.
bronzes are gove'ned by the percebtages and type of alloying agents, but all of them resist
scaling and oxidation at high temperatures:,/ They are highly resistant to mineral acid attack
and corrosion from sea water.

,g. Copper-nickel alloyir. Copper-nickel-alloys are available in th ;ee types containing
10%, 20%, and 30% nickel. These alloys have)oderately high to high tensile strength,
depending on the nickel content. They are moder y hard' and quite tough and ductile. They
are very resistant to the erosive and corros e effects ,of high-velocity sea waters to stress
corrosion, and corrosion fatigue.

h. Nickel silver.. Nickel is added to copper-zinc loys.(brasses) to lighten their
color; the resultant alloys are called "nickel silver." These alloys are of two general
types, one type'containing 65%_or more of. coppe and nickel combined, the other containing 55%
to GO% copper dnd nickel combined. The first type can be cold-worked by sych operations as
deepdrawing, stamping, and spinning. The second type is much harder and id not processed by
acy of the cold-working methods. Gas welding is the preferred process for joining these
metals.

i. Co er-ber Ilium alloys. These alloys usually contain approximately 1.5% to ?.5%
beryllium wit s g a bons of iron, nickel, and silver. When age-hardened, they have
very high tensile strength and hardness. They are quite ductile and suitable for cold-working
when softened, libt they loose their ductility if cold-rolled orcase hardened.

4
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J. Magnesium and magnesium alloys.

(1 'Magnesium is roughleonerfifth the weight of steel and two-thirds the weight of

aluminum. Magnesium-4i a weldable ite metal with a low melting point and

excellent machinability. Commerci l magnesium is usually alloyed with,variouss
amounts of aluminum, maganese, an4 Inc to obtain' maximum strength and corrosion

resistance.

(2) Two alloys, AZ31X and Ml, in the form of extrusions, plates, and sheets, are most

widely used in applications involving welding. AZ31X contains varying amounts of

aluminum, zinc, and manganeie foi. sheets, plItes, extruded shapes, and structural

sections. M1 contains 1.5% manganese.

k. Nickel and nickel alloys (monel ). .
..

(1) Nickel is very ductile, malleable, grayish - white metal. 4t oxidizes. slowly im the

"` -

presence oloisture and is resistant to corrosive fumes/ It is used as an

alloying el nt In the'production of ceAta-in steels. .

.
_

. .
, .

(2) Monel is a' silver -white metal contain4ng approximately 67% nickel, 28% copper, and

_small amounts of sil icon, manganese, carbon, and sul fur. Some types of this metal

contain a small percentage of aluminum. The most important property of monel is

its resistance to corrosion.

1. Lead., This Is a heavy soft metal , bright white in color when freshly cut, but it

oxidizesTliffckly to a~ dun gray. Lead -14 resistant to corrosion from ordinary atmosphere,

"moliture, and water and is payticularly effective against many acids.

EXERCISE: Match the nonferrous metals,11s,ted as "1" t rough "5" in column "A" with the

correct characteristic, listed as "a". throu "e", in column "B". Check your

responses with those listed. at the end of this study unit.

Column A Column B

1. Aluminum a. Hardness, ductility

2. Copper b. Weldeible, white 'Val, low melting point,

3. Aluminum bronze machinable

4. Copper-nickel c. Medium strength, 'ductile, toughmalleable

5. Magnesium d.

e.

High strength, light weight, resists

corrosion
Moderately hard, tough, ductile

,Section II. IDENTIFICATION OF METALS

Mork Unit 1-5, SAE CLASSIFICATION OF STEEL

LIST THE THREE ELEMENTS OF THE SAE NUMERICAL SYSTEM FOR THE CLASSIFICATION OF

STEEL.

Originated by the Society of Automotive Engineers (S ),,tbe numerical index system

for the classification of steels has been generally. adopted D industry for the identification

of steels on drawings and in specifications. In thts system, he class to which the steel

belongs, the percentage of the predominant alloying agent, and the Average carboniipontent in

percent are indicated as -described in pargigraph 1-4.
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The
indicated belbw:

vtrious classes of stee] ar identified by the first digit of the SAE number as
'

Class Number

.._

Carbon steels f
Nickel steels

1

2

Nickel-chromium steels -. ... . . 3
0

,........<

MolybdenumIteels 4
Chromium sfeels

, 5

Chromium-vanadium steels ' 6'

Heat-resistant casting alloys 1 411t . 7
4 Nickel-chromium-molydbenum steels 8

Silicon-manganese steels and nickel-chromium-molybdenum
-steels 9

The first digit indicates the type to which the steel belongsrthusel indicates a carbon
steel, 2, a nickel steel, and 3, a nickel-chromium steel. In the case of simple alloy steels,
the second digit generally indicates the approximate percentageof the predominant alloying
element. Usually the last two or three digits indicate the average carbon content in
hundredths of.1%. Thus, 2340 indicates a nickel steel (indicated by the first digit-2) of

, approximately 3% nickel (indicated by the second digit-3) and 0.40% carbon (indicated hy*the
last two'digits). In some instances, it has been necessary to depart from this system of
identifying the composition of the steel by vir inf.-the second and third digits of the
number.. This is indicated by the numbers select for several corrosion and heat-resisting
alloys -and triple alloy steels that can be found the Ast recent SAE handbook.

a

EXERCISE": Answer the following questions and check your,responses with those listed at the
end of this study'unit.

1. List the three elements of the SAE numerical\ index system.

a.
b.

c.

2. A metal with a classification nu9ber of 2542 indicates it is made of what type
steel?

a. Nickel c. Chromium
b. yckel-chromium d. Molybdenum steel

3., 2542 indicates steel with a nickel content of

a. 4

b. 5

c. 6

d. 7

4. 2542 indicates nickel steel with a carbon content of

a. 542%.
b. 52%.

f
Work Unit 1-6. APPEARANCE OF METALS

DESCRIBE THE APPEARANCE TEST.

Have you ever dropped a coin on the deck to find out' what it was made of?' Maybe at
that time you didn't know it, but you were testing the metal by the ring it made when it
bounced to find out-whether it,was made of nickel, copper, or silver, or if it were
counterfeit. Other tests as simple as this one have been deyised to identify metals. You can
test by the appearance of the metal, the fracture (chip) test, the grinding wheel (spark)
test, and the torch test.' Normally bar stock is color-coded on the ends to identify the'type
of steel. However, suppose the user of the baf', who used it.hefore you, cuts off the end that
has the color code, then you will have to resort to other methods to determine the type of
material that you.have. It is possible to make these tests with little or no equipment,
therefore they are convenient and easy to do. As long .as you area metalworker you will be
either making or hearing other people make references to metal identification tests, so it is
a good idea to know what they are all about.

c.

d. 32%.

I

I
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In the metal wo shop or the storage area, identification marks may he liestroyed.
Mien this happens, metals must be identified by other means..

'1%.

-

earance. Frequently metal may he identified by its surface appearance, that Is,
its color an x ure. Examining ire outside unfinished surface of a metal is not always
sufficient evidence for classifying 1t but it does make it possible `to classify- the metal
group, thereby ljmiting additional test needed for specific identification. The surface
color will put 11 into a class. The following list may help you to fix in your mind the
surface appearance of the more common metals* If color and surface textures are net enough

evidence upon which to base your classificition, you should then resort to the chip and torch
tests. 4

a. Gray cast iron. The unnechined surfaces -are very dull gray and probably somewhat
roughened by tile sand mold Used In casting the part. Unmachined castings may have brighter.

. areas where rough edges have been removed by grinding.

b. Malleable iron. The surface is much like gray cast iron, but the dull gray color is
somewhat lighter. it is generally free of sand.

c.. Wrought iron. Its appearance is the same as that of rolled low-carbon steel.

d. Low-carbonAteels. The appearance of the. steel depends on the method of its treatment
rather than its composition.

(1,) Cast. This steel has a relatively rough, darkLgray surface, except where machined.

(2) Rolled. This steel has fine surface lines running in one direction.

(3) Forged. This steel is usually recognizable' because of its shape, hammer marks, or
finish.

F-

e. High-carbon steels. The unfinished surface is dark gray and similar to other steels;
however, these steels are usually worked to a smoother finish than the less lostly -

low-carbon

steels. A

f. Steel forgings. The surface is moth. If forgings have %at beer finished, fins
caused by metal squeezing out bEtween the forging dies will be.evident. If fin4shed, the area
from which the fins have been removed will be noticeable. Thine forgings, ulley they have
been properly cleaned, are covered with a reddish-brow sealor black sca. v

g. Alloy steels. Drop forgings have theisame appearance as other drop-forged steels.
Many of the alloy steel products are machined"all over.

h. Cast steel. The surface is brightir than -salt or mMieable iron and sometimes
contains small depressions similar to a burst bubble,

I. Aluminum. Aluminum is white, very bright when Rorilhed, dull, when oxidized, and light
in weight.,

J. Aluminum bronzes. These metals are yellow; but, when polished, they are darker than..
brass.

k. Brasses and bronzes. The colors of ipolistred brasses and bronzes vary from an almost,
copper red to yellow, depending On the composition of the metal. They oxidize to various
shades of green, brown, and yellow. ,

- I

1. Copper. Co. er is red when polished. It oxidizes to vario i shades of green.'
. , 0 o

IC

m. Lead.. Leak $ white when freshly cut;`, and it becomes dull gray when exted to air.
It is very ioft ancrheavy.' - )

a;

s *

n. Magnesium. This metal is silver -white and weighs about one-third less than aluminum.

o. Monel metal. Monel metal is light gray which dulls to a darker gr y on aging.'

p. White metal die castings. These are usually made with alloys of a uminum, lead,
magnesium, and tin. Excepting Arose Ma& of lead or tin, they are light in eight and
generally white. The surface is much smoother than that produced by 'castings made in -sand.

sor 001)
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EXERCIV: In the space provided below, describe the appearance test. Check your response
against the one listed at the end of this study unit.

lir

Work Unit 1-7. FRACTURE TESTS OF METALS

DESCRIBE THE PROCEDURE FOR PERFORMING THE FRACTURE TEST.

Fracture test. The test is made by'removing a small amount of material from the
sample of metal Acitk a sharp, cold chisel. .The material removed will vary from small, broken
fragments to a continuous strip. The chip Aby Ave smooth, sharp edges, or it may be
coarse-grained or fine-gratned, or it may have sawlike edges where it has been cut. The size
/Itof the chip is important in identifying the metal. The, ease with which chipping takes place
Is important for identification. Exami'e the chips until you are sure you can recognize them
the next time you see them.

11

..J

a. Gray pseiron. Nick a Owner of the gray cast i on with a chispl or hacksaw and
break it off'by hitting a sharp glow with a hammer. The reak will be short and the exposed

throughout the metal.", Chips ised,by a chisel b,'eak 6ff as soon as formed.
surface will be dar4 gray. color is caused by fine speck of grapifle'dispersed

b. Malleabie iron. The central portion offtbe brokensurface is dark gray with 1 brig

*
steel-like bandraround the edg, somewh VIM& a picture frame. ,Good quality malleablen
is much tougher than cast iron and do s of bt)eak short when nicked. ,

jr
'N

c. Wrought iron. Wrought iron ca e bent,andls quite ductile. When wrought iron is
nicked andlbent to'the breaking point, he break'is jigged. This iron has a fibrous structure
which can be split in the direction in' hich We fibers run. 'It is easily cut wiy, a chisel.

d. Low-carbon ste . 'The color eri t crystalline. The metal is tough when chipped
or nicke

e. Hi.. -carbon steel . These steelsAbre4harder and more brittle than low-carbon steels
and the rac 4 er nd fipergrained.

f. Steel for9ings. Forgings may be of low-carbon, high-carbon l'or tool steel and the
color will vary from bright crystalline to silky gm?. When the'sfecimen is nicked, it is
harder to bieak than cast steel and has a finer grain.--

' g. Allo steel Generally, the alloy steels are yery fire- grained. 'Sometimes the
fracture as a ve appearance; a

h. Cast-stee e surface of the frakred arch is bright crystalline.' Steel castings
are toug an o not break "short. Chips made with a chisel, except manganese steel, curl up.
Manganese steel cannot be cut with a chisel.

i. Aluminum.1 Castings show a bright crystalline structure. Rolle'd metal shows a bright
and smooiFiralgCe.

J. Brasses andbponzes. The fractured surface ranges from smooth tO crystalline,
depend$ng on the amposition of the metal and. whether it has belipcast, forged, or rolled.

, --.

k. Aluminum bronzes.
e
The fractured surface is smooth.

1. Copper. It presents a smooth surfbte that is not crystalline.

m. Lead. It is white and crystalline.

n. Magnesiui The fractured surface is rough and f'hely granular.

,

,f

o. Monel metal. The fractured surface is crystalline. Its color is similar to
nickel.

4
r

4
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'p. White metal die castings. Its fractured surface is white and somewhat granular.

EXERCISE: In the space provided below, describe the procedure for performing the fracture /
test. Check your response with the one listed at the end of this study_ unit.

4
Work Unit 1-8. GRINDING -WHEEL TESTS OF METAL

DESCRIBE THE GRINDING-WHEtt. TE T.

Grincting-wheel test. Various types of iron and steel produce sparks which vary in
,length, shape, and color when held lightly against a grinding wheel. The sparks given off, or
the lack of sparks, assist in identifying the metal. The wheel should be the aluminum oxzide
type, harcLenough to Wear reasonably long, yet soft enough to retain free cutting properties.
The peripheral speed should be approximately 4,000 feet per minute in order to produce good,
bright sparks. The length of the spark streamIkits`color, and the type of sparks are what you
should look for. There are four fundamental spark> torms produced by holding a sample metal
against a grinding wheel. In figure 1-5, A. shows shafts, buds, break, and arrow. The arrow
or spearhead is characteristic of molybdenum, a metallic element of the chromium group. B.
shows shaft and sprigs or sparklers which indicate a high carbon content. D. shows shafts and
forks which indicate a low carbon content. The tests should be performed in well-diffused
daylight against an ordinary background. In all cases, it is advisable to jise standard
samples of metals of known composition so that these sparks can be compared with the matdrial
under test. 4
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Waltning: Nonferrogs met
can Clog the whey causi g
it to ov;rheat and explode,
if test is not conducted
properly.

A
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Fig 1 -5. Fundamental spark orms.
.1
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a. Gray cast iron. A small volume of dull red sparks, that follow a straight line will
formiclose to the wheel . These break up into fine, repeated spurts, which change to -straw
colo4r.

b. Malleabl
interior s r
sparks are muc
volume.

t

ran. -tithe outer bright layer giyes bright sparks like steel. When the
. sparks quickly change to ir dull red, color near the wheel. Thee

Ike those: from cast iron, but are somewhat longer and are present in 1 jrger
--

c. Wrought iron. Straw-color.ed sparks -form near the grinding wheel , and later they
)tange to vIhife forIced4parklers near the end of the stream.
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d. Steel forgings. The sparks given out are long white streamers. Sparks from
high-carbon steer -are whiter'than those from low-carbon steel.

j
,e. Alloy steels. The various alloy steels produce characte'istic sparks both in color

and shape. This enables a person, with practice, to idgntify many of the alloy steers. Soine

of the mote common metals used in alloy steels 'and,their effect'on the spark stream are
described 'ftlow. ,

(1) Chromium. Steels containing to 2% chromium have no outstanding features ih.the
spark test. Chromium in large amounts shortens the length of the spark stream to
half of that produced by steel containing no chromium, without appreciably ,
affecting its brightness. riAeel containing F4% chromium and no nickel produces
sparks similar to those giVell off by low-carbon steel, but shorter. An 18%
chromiuM, 8% nickel'stainless steel ahoy produces a spark similar to that of
wrought iron, but only half as long. An 18% chromium, 2% carbon steel (chromium
die steel) produces a spark similar to that of carbon tool steel, but one-third as
long.

(2) Man anese. Steels containing this element produce a spark similar tea carbon
spar . moderate increase in manganese increases the volume of the spark stream'
and the intensity of-the bursts. A steel containing more than a normal amount of
manganese will.spark in a similar way as that of a high-carbon steel with a lower.
Manganese content. For instance, a steel containing 0.55% carbon and no alloying
element will have the.same spark characteristics as a steel containing 1.60% to
11,90% manganese.

1 ' e

(3) Molybdenum. Molybdenumhas an pis)ily recognizable spark. It appears as an orange
spearhead on the end of every carrier line. This element is used as an alloy in
conjunction with nickel or chromium or both. Its characteristic spark has a
detatched arrowhead similar to that of wrought iron. It can be seen in fairly
strong carbon bursts. Molybdenum, Substituted for some of the tungsten in
high-speed steel, causes the spark streams to turn-orange.

(4) NAkel. Nickel gives a characteristic spark identified by tiny blocks of
brilliant white lights. This characteristic spark from nickel steel may be the
result of the suppressing effort of nickel on the carbon burst. This element is
recognized in SAE steels where the carbon content is low and the carbon sparks are
not to prominent.' The nickel spark is a short, sharply defined flash of
brilliant light just before the formation of the fork. The nickel s ark is
difficult to detect because some nickel-free steels have a similar, ut more
rounded burst.

() Tungsten. This element is easy to detect. It imparts a dull red color to the
spark stream near the wheel. It also shortens the spark stream and decreases the
size of or completely eliminates the carbon burst. A tungsten steel containing'
about 10% of this element causes short, curved-orange spear points at the ends of
the carrier lines of the -spark stream; a lower tungsten content causes small,4 white spear points. The carrier lines may be dull red to orange, depending on
other elements present and provided that the tungsten content tsnot high.

) (6) Vanadium. The spark test is not conclusive in this element.. The detatched,
. arrow-,eads at the ends of the carrier lines are similar to those produced*by
molybdenum steels.

f. Cast steel. Thetsparks are much brighter tlian those from cast iron. Manganese steel
gives off sparks that explode, throwing off brilljint sparklers at right angles to the
original path of the spark.

g. Aluminum. No sparks are given off.

h. Aluminum bronzes. no sparks are given off.-

i. Copper. No sparks are gten off.

J. Lead. No sparks are given off. -

k. Ma nesi No sparks are given off.
1

44, 1. Monel metal. It produces short, wavy, ()tinge streaks similar to those given off by

1111F

m. White metal die castings. No sparks are given off.
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EXERCISE: In the space provided below, describe the grinding-wheel test. Check your
response with the one listed at the end of this study unit.

'

Work' Unit 1-9. TORCH TEST OF METALS

DESCRIBE THE TORCH TEST.

Torch test. VariOus metals can be identified by using an oxyacetylene torch aneby
studying The behavior of the metal under the torch. A person inky determine the type metal
being tested by timing thimmelting rate, by watching the appearance of the molten metal and
slag, and.by observing coTUr changes and other "manifestations developed by heat.

a. Gray cast iron. A heavy, tough film fornfon the surface ds it melts. The puddle is
.Whendepressed and very-fluid. .en the torch flame ii raised, the depression in the surface

of the puddle di sappears instantly. The mol ten, puddle sol ildi fi es slowly, and it does not give
off sparks.

b. Malleable iron. The molten metal boils under the torch flame. When the flame is
withdrawn, Tie surface will be found full of blowholes. The melted part will cool to a
substance very hard and brittle. It is, in fact, white cast iron or chilled iron produced by
the melting and comparatively_ rapid cooling. The outer steel-like shell will give off tparks

4 under the torch, but the center portion will not.

c. Wrought iron. Wrobght iron melts quickly, with a slight tendency to spark. The
melted iron has a peculiar slag with white lips and a greasy or lily appearance.

d. Low-carbon steels. The steel gives off sparks when melted and, when the flame is
removed, solidifies' almost instantly. v4r

.4

e. High-carbon steels. AThe molten-metal is brighter than molten low-car-1)0i st.el , and
thcfmeltedr suf.-face has a cellular appearance'. )

-if
f. 4 steel orv1Ings. Steel forgitips spark when melted. The greater Ole carbon content,

i.
. the grea er-t-the r n1-4eI and brilliancelkof the sparks. IS,

''r I /
.

g. All oy steels. .Steels coil ta 1 n in1a considerable quantity of chromium display a
greenish - colored slag on' the weld or puddle when cold, in general, the effects of the torch
test depend on the composition of the alloy steel and must be determined by trial and
experience. ,

h. Cast steeis. These steels spark when melted and solidify quickly. ; ,-,
1

1 Aluminum. Aluminum' does not show red before mel ting. It holds its shape until almost
molten and then collapses suddenly_. A. heavy coating of white Oxide forts instantly on the
mol ten surface. t-.

3. Aluminum bronzes. The surface Is, quickly covered with a heavy scum which tends to mix
with the molten nietaT, and it is difficult to remove. Welding of these bronzes is extremely .,

'di fficul t. ) y.

k. BrasS s and 4onzes: True brass contai s zinc,'which gives off white fumes when
mel ted: Bronzes contain tin, h increases fluidity. Some bronzes contain zinc and will
fume, but not as 'much as bras . # ''

1. Copper. Because of the heat-conducting properties of copper,'a larger flame is .
required fo produce fusion an the ona required for other metals. Copper melts suddenly and
solidifies -instantly. Copper alloys, containing smrll amounts of other metal, melt more
quickly and solidify more slowly.

ft,
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m. Lead. It melts at a very low temperature. The molten metal becomes covered with a
thin, dUirilag.

41,

n. Magnesium. Magnesium oxidizes rapidly when. heated in the air to its melting point.
For thiq reason, as a safety precaution, this metal is melted in an atmosphere free from
oxygen. When heated in the open air, it producewan oxide film which is. highly refractory and
insquble in the liquid metal.

A
,_, /

o. Monel metal.' Monel flows clearly without any sparklers, and a heavy black scale forms
when -cooling. ,

p. White metal 41e castings. The melting point is so low that the metal boils under the
torch. .

. .

4

EXERCISE: In the space provided below, describe the torch test. Check your responge against
the one listed at the end of this study unit.

Section III. HEAT-TREATMENT OF STEEL

Work Unit 1-10., HEAT-TREATING PURPOSES

INE HEAT-TREATING.

When the conditions of heating and cooling a metal or an alloy in the solid state are--
controlled so that certain desired _properties are developed, heat-treating is accomplished.
Wheh. metal is heated and cooled, structural changes take place. By controlling these
structural changes, the desired physical properties develop. The use to which a metal is to
be put determines the prOper'ty it will require. A knife blade must be hard. and capable Of
keeping its sharp sOge. A chain needs to be tough. The physical properties of metals, such
as ductility, machttabilityt toughness, hardness and tensile strength can be developed through
heat-treating. Often one property must be sacrificed to gair another. For example, the
harder a metal is made, the less ductile it will be. A material is heat-treated to improve it
for the service intended, or to put it In a condition 'filch gill nia!, a subsequent operation
such as machining, easier to perform.

The reasons for heat- treating are as follows:

a. Relieve stresses produced by forming or welding.

p Increase hardness and tensile strength.L

c. Develop ductility.

d. Induce toughness.

e. Aid machinability.,

Cr Increase wear resistance.

g. Alter electrical properties.

h. Modify magnetic properties.
4

1. Refine or coarsen grain structure.

j Develop a more desirable grain structure.

k. Change the chemical composition of,a steel surface as in casebtirdaniny,

1 1-,
A/

a.
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EXERCISE: In the space provided below, define heat-treating. Check your response with the

one listed at the end of thIststudy-unit.

Work Unit 1-11. HEAT-TREATING STEPS

LIST THE THREE STEPS IN THE HEAT-TREATING PROCESS OF METAL.

TREATING PROCESS.

a. General. The particular treating process, to be used depends 15n the composition of the
metal and the property you want to develop. Some processes-not only cause changes in cheMical .

and,,physical properties, they alter the surface composition of the metal as well. When there

Icis'no change- in composit n, the heat-treating operation involves only heating and cooling, in
which the factahs of time and temperature are most important. 'When there is a change in
,composition,rthf'element surrounding the metal during heating, or during heating and cooling,
is equally as important as time and temperature. Those factors moat be definitely fixed in
advance for the particular composition of the metal and the treatment involved. Methods of
treatment which cause nd change in composition are true-heat-treating operations. These are
normalizing; annealing, hardening, and tempering. Carburizing, cyaniding, and.nitriding, on
the other hand, effect a change in the composition of the metal near the surface, through its
absorption of an 'element during the heat - treatment. Heat-treating must be done under -,

controlled conditions, and an Important factor to remember is that,in heat-treating steel,'it
should ,never be heateto a temperature close to the melting point. When this occurs, certain
elements in the metal are burned out (oxidized), and the steel in this condition usually
cannot-be restored by subsequent heat-treatment. This means that the time, temperature, and
manner of heating and cooling must be controlled.

, . .

b. Heat-treating steps. Heat-treatment involves three steps: get the metal hot, hold
the heat, Ind cool it.

,

(1) 'Get the metal hot. Heating may be done in numerous ways, depending on the
equipment available. .Large shops may have salt and lead baths,
controlled-atmosphere electric furnaces,Aor induction furnace;. A small shop such
as the "village smithy" may have only a forge or a torch. On occasion, you may,Ile
called upon to harden and temper a chisel withho means of applying heat other
than an oxyacetylene welding torch; at other times you may havelplenty of
equipment.° In addition to your torch, you may have an oil-fired forge, a
medium-temperature electric preheat furnace (annealing furnace),'and
high-temperature hardening furnace. Both of the furnaces are equipped with ,,

s114controllers, with which you can regulate the spee f heating and maintain any
detired temperature within.range of the furnace. In addition; these furnaces are .

equipped with a deKice for "controlling the atmosphere inside them. The controls
may be set for a specific atmosphere, such as carburizing, oxidizing, or neutral;
which minimizes the possibility of scaling, decarburizihg, or burning of the metal.

, .

(2) *Hold the Metal heat. .Did you,ever notice what happens to a baked potato? It is

subjected to heat which warms the .outside and then cooks through to the center,
changing the properties and cooking of the potato. In a similar,manner, except
thatithe degree of heat may range as high as 2,4000F for some alloys, metal is
heated and brought to temperature in the heat-treating operation. The important
point.to remember in heating ia the uniformity with which the metal 4S brought up
to temperature. Don'it forget that thin Sections heat faster than thick ones, just
as little potatoes cook fastervthan big ones. When you use 0. salt or lead bath,
or an electric or oil-fired finace,.you.are assured of getting uniform heating.
If you don't have this equipment and have to rely on your torch,or at best a
forge, you'll have to be careful that the stock is' being heated uniformly. Just

getting the metal hot, however, is not going to do the whole job: Many operations
in heat-treating specify that the temperature must be held constant for a
specified length of time. This is called holding or soaking. When you bake a ,-

potato, you can stick it with a fork to,see if,it is done all the way through.
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If, it is not, you bake itsome more. Of course, you can't 'stick a fork in a piece of metal
to see if it has heated through, so you have to allow the necessary time for soaking after the
prOper temperature has bon reached. The metal is held at a constant temperature to insure an
even and uniform heatlthroughout. The smaller the section of metal, the less time it will
take for the heat to soak through. The time recommended for soaking is 1 hour per inch of
cross section (thickness). -

.

'(3) Cool the metal. After you have brought your piece of metal to temperature and
held it at the temperature for the proper length of time, you are ready for the i
third important step.- cooling. In all heat-treating operations, the first two
steps are identical. The third step, however, will be to cool the metal in a

., quenching medium (such as brine) in a furnace. The results desired will determine
the method.. The time element then may vary from a few moments to 36 hours.

You may be requested to heat-treat any metal or alloy, but the greater part of your
workwill probably be involved with the treatment of low -, medium-, and high-carbon steels.
These steels are bastcally alloys of iron and carbon plus a minimum amount of other elements.

EXERCISE: Answer the following quest1on and check your responses against those listed at
the end of this study unit.

1. List the three steps in the heat-treating process of metal.

a.

b.

2. The purpose of controlling the time, temperature, and manner of heating "and
cooling is

a. to make the metal harddr.
bl to prevent certain elements in the metal from becoming oxidized.
c. to induce malleability into the metal.
d. to prevent burning of the metal.

Work Unit 1-12. CRITICAL POINTS

. IDENTIFY THE CRITICAL POINT IN METAL\

Webster says that the word "critical" indicates a crisis' or turning point. Throughout "
the heat-treatment of steel, as -well as of other metals and alloys, you will be face to face
with critical points and critical ranges.

a. Critical point. In metal, this is the point at which the most radical changes occur
inside the metal. These changes are a result of heating. Each type of Metal hasits own
critical hint. You will fleet a lot of experience as a heat-treater before you are able to
determine visually when a piece of metal reaches its critical point. You can be sure that
some metallurgical laboratory has determined the critical point for many metal that'you will
work on, and you can get the informationtfrom a chart.or-hand.book.

b. Critical range. This is a temperature range of from 50°'to 100°F above the
critical point. Temperatures required for all of the heat-treating processes fall within this
range. The critical range like the critical points for all metals, has been determined in a
laboratory and made available for your use in'chartS' and handbooks. Ypu won't be able to
heat-treat any odd piece of metal that you pick up around the shop until you can identify it.
14 order to heat-treat a metal, you must know its composition; then you can determine its I.

critical range from the necessary charts. Knowing its composition and its critical range, you
then get the desired property by the proper cooling or quenching metlwod. It may be necessary
to treat sdme tools or machinery parts several times before they are finally completed. For
example, you oust first soften (anneal) a-chisel that has been'in,service and has been
returned to the metal shop for reforging and heat-trefting. After forging and rough-grinding
the chisel, you will then have to harden it and finally draw it to the proper temper-,.
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c. Color change. Although it is well to know what goes on inside a piece of steel while

It Is undergoing heat-treatment, you will be more concerned with the changes that you can

see. Color change Is one of.the most apparent changes. As heat is applied uniformly to a

bright piece of steel, no color change is apparent until a temperature of the 4000E is 4e

reached. At that point a faint straw'color appears on the surface. As you continue to apply

heat, you will notice various surface color changes. These continue as the heat increases and

indicate the degree-of toughness and hardness reachedin the metal. Here is an experiment

that will make you a bit more familiar with the cqlor changes that.occur as steel heats. Cut

a piece of cold-rolled bar stockA2 by 1 by 3/16 inches. If the piece is not available,

brighten a piece of strap iron of approximately the same dimnlions on an emery wheel. Be .

certain that the surface is bright and clean. Now, heat a fire brick in your forge for about

5 minutes. Place your tett piece, bright side up, on the brick. Watch It carefully. As the

heat radiates from, tne brick to the metal, the color of the metal will change--first a pale.

straw, and then on up to and through a light blue. As the metal absorbs mdre heat, the light

blue fades out and.nd color is visible. As more heat is applied, your test piece will

continue to change color. If you are in a shop tlytt is not equipped with a heat-treating

furnace with controllers, coloriiitll be the only method you will have 'to determine,the

temperature of the metal you-are treating. Practice will make you good at estimating.

temperatures. Color is a rough estimate at best, but you will have plenty of chances to use

this knowledge and experience in times of emergency% Another visual change which you will

observe when the piece reaches a temperature near 1,6000E is scaling. Scale is identical.to

rust. You have seen scrap iron that has been exposed.te the - weather for lqng periods,of time,

and you have noticed its burned, crumbling appearance. This is an example of oxidation.

Scaling is-the same thing--the difference As that it occurs faster.than ordinary rusting. At

high temperatures; the rusting or oxidizing processJs greatly accelerated.

d. Internal change. While the surface. appearance changes, internal change are also

taking place. If you could see your piece of soft 0.43% carbon steel under a Microscope,

which enlarges the view of the section on a thousand times, it would look like the view shown

in figure 1-6. Now, if that same piece of steel had been heat-treited---and you could get a

lodk'at it through the microscope, you would observe considerable change In the grain

structure (fig.1-7). Another characteristic of the internal change in metal is grain growth.

If you could observe a piece of 0.83% carbon steel during heating, you would observe that the

grain size is smallest at about 1,3000E or Just as it reaches its critical point. The

higher the steel is heated above this temperature, the more the grain will grow in size. In

all your work as a practical heat-treater, your greatest concern will be the critical point of

the metal or alloy you are treating. You must know the critical point and the alloying

ingredients before you start any heat-treating,operation. Additional information covering

heat-treating for most metals is given in figure 1-8:. If yott hive special steels or alloys to

treat, a letter to the manufacturer will bring you all the information that you need.

Fig 1/4. MicrOscopit few of soft (unhardened),
0.43% carbon teel magnified 1,000 times.
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Fig 1-7. Microscopic view orharcigne 0.43% carbon
steel not tamptred.
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Fig 1 -8. Primary heat-treating hints.

EXERCISE: Answer the following questions and check your 'responses with those listed at the

end of this study unit.

T. The most radical changes occur inside the rental at the

a. ,critical point.
b. critical range.

2. The critical range is the temperature range of

shove the critical point.

c. internal change.
d. 1,1000 point..

a. .20, 50
b. 50,75

c. 50, 100
d. 50, 1504 .

3. Color changes become apparent In me a temperature of about
. .. ,

.,

to

a. 2000.
h. 3000.

4W0.
d. sup°.

degrees.

4. n heat-treating metal, three changes trice place; appearance, grain structureA

an

Work\ Unit 1 -13. FORMS OF HEAT-TREATMENT

et

MATCH' THE FIVE MOST COMMON FORMS OF HEAT-TREATMENT WITH THEIR CORRECT DEFINITIONS.

The most cowman forms of heat-treating ferrous metals are annealing, normalizing,

hardening, tempering, and casehardening.

1-19
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a. Annealing is used to reduce stresses, induce softness, change ductility, or improve
grain structure. The greatest softness you oan.get in metal results frtm heating it to a
point above the critical temperature, holdl,ng it at this temperature un it the grain structure
has been refined, and then cooling It slowly. The most important step in annealing is to
raise the temperature of the metal to the critical point, as this will remove any hardness
that may exist. Any Straihs that may have been set by previous heat-treatment will be _,,--
eliminated when you have heated the metal to its critical point and restored it to its lowest
hardness by slow cooling. Steel is usually annealed to increase its ductility, to refine the
crystalline structure, and to remove stresses. Ductility is increased by decreasing hardness

. and brittleness.. In other words, when steel 4s made softer, it is more workable. You can
,also alter other physical properties of a piece of steel, such as its magnetism or electric
conductivity, by annealing. Refihing the crystalline structure of steel simply means changing
the internal structure by a process of heating and cooling in suchA manner as to remove any
stresses or strains that may have been set up by cold-working, forging, welding, or usage.
Remember that in annealing, as in all heat-treatment, the temperature of the operation and the
rate of cooling depending on the material that you are treating andthe purpose for which you
are treating., If you have heat-treating equipment, the process'of annealing can be done with
accuracy. Just check the chart for the critical point of the pe ent carbon steel you are
about to work. Heat it slowly in a furnace to a temperature 500 above the critical range.
Hold (soak) the` -piece long enough to insure uniform temperature throughout--about 1 hour for
each inch.of sectional thickness (small tools require only 30 min). Now, assuming that you-
have heated the part to be annealed to the proper temperature, you will, uive to decide on a
method for cooling. If you want a full anneal, that is, if you want the piece to be as soft
as possibTe, seal the piece in the furnace and allow it to cool down to room temperature in
the furnace. This may take 24 to 36 hours. the other method that is commonly used is called
packing. To pack, remove the piece from -the furnace, being careful to avoid drafts, and bury
it in an annealing box (fig 1-9) filled, with Otestos or slacked lime, making sure that you
leave the piece completely covered 16 to 24 houts, depending on its size. -Be sure that the
material in your annealing box is perfectly dry. To avoid scaling or decarburizing (buening),
you may have to use the box-annealing (pack-annealing) method for some materials. In this
method, place the piece to be annealed in a metal box. Completely surround the metal with
cast-iron chips and seal the box with fire clay. Place the box in the furnace, heat, hold,
and allow it to c90 in the sealed furnace as previously described for steel. This method'is
used when surface finish is important. :You may not be fortunate enough to have an annealing
furnace. If to., you will have to use e forge or a torch for annealing. The operation is the
same, but you will have to exercise a lot more caution in heating holding. On a furnace, when
you set the controller it insures the correct temperature. With a forge or torch 17.are the
controller. You must be especially careful to avoid overheating the metal since, this causes ,
increased grain size and there is danger of burning the metal and decarburizing the surface.
You must have everything ready to make. the transfer fetun the forge to the annealing box. Make
the transfer as quickly as possible, avoiding drafts of air which cause uneven cooling that
results in warpage, strains, and fractures.

Fig 1-9. CrOsilisectional view of,annealing box.

V
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Although most often called upon to treat steel , you will occasiowally have to treat other

material. Other alloys require different annealing operations. An outttanding example of an

alloy that requires an entirely different treatment for annealing is duralumin. furalumin is

composed of 94% aluminum, 4% copper, and approximately 1% ea c& of magnesium and manganese.
This alloy is annealed by first heating it to 9860F and then &ool ing it rapidly by quenching

in ratter. For a period of 45.minutes it is in a plastic condition and can be bent, rolled,

and worked cold. Beyond this interval, it becomes hard and cannot be further worked without

repeating the-heat-treatment. This example emphasizes the need for thoroughly knowing the
material you are treating. Annealing is a frequent and important process for softening
nonferrous alloys and pure metals after they have been hardened by cola viork. Annealing
restores the ductility, relieves internal stresses, controls grain size and, in the case of

copper and alumirium, restores electrical 'conductivity. Following is a list of the more common

metals with instructions' for annealing each:

Copper:' Heat to 925°F. Quench in water. Temperatures as low as 500 °F relieve

most stresses and strains.

Aluminum: Heat to 750°F. Cool in open air. Reduces hardness and strength, but
nris electrical conductivity,

Zinc: Heat to 400°F. Cool in open, still air. ,

Brass: Annealing to relieve stress may be accomplished at a temperature as low as

I;
1713171'. Fuller anneals y be accomplished with increased temperatures. La ger

grain size and loss oI strength will result from too-high tehperatures. D not anneal

at temperatures exceedin 1,300°F. Brass should be cooled td room tempera re

slowly. Either wrap the part with asbestos cloth or bury it in slaked lime or other

heat - retarding material.

Bronze: Heat to 1,400°F. Cool in open furnace to 500 °F or place it in a pan to
TIMuneven cooling caused by drafts...

Nickel-copper alloys, including monel: Heat to between 1,4000 and 1,4500r. Cool

by quenching it in water or oil.

Nickel-molybdenium-iron and nickel-molybdenum-chromiunviron alloys (known commercially

as stellite): Heat to 2,100 °F. Hold at this temperature a suitable -time, depending
on thiciness, followed by rapid cooling in a quenching medium.

Staitless steel (Cr 18% Ni 8%):* For full anneal, heat it to 2,0000 - 2,200°F.

Cool rapidly for partial .anneal , heat to 1,6000 -1,7000F.

Stainless steel "(Cr 25% Ni 20%): Heat to 2,000° - 2,100 °F. Ddnot soak.. Cool it

in still- air.

Stainless steel' (.Cr 8.5% Ni 22%): Heat to 1,650° - 1,750°F. Do not soak. Cool

it slowly to room temperature.

Cast iron: Heat slowly to 800° - 1,300 °F, "de Rending op 'composition. Hold at

temperature for 30 minutes.. Cool slowly in furnace annealing box.

Ask yourself these questions before you begin any annealing.

(1) Which metal or alloy do I have to treat?

(2) What is its critical point?
/1

(3) Pm I annealing to relieve stress, to aid machining, or to alter magnetic or
electrical properties?

(4) Which Upper temperature shall I use?

(5) How long shall I "hold" at' the upper temperature?

(6) Which method and rate of cooling shall I use?

When you have answered these questions and have made all preparations, you are ready for the
annealing operation.
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b. Normalizing. Normalizing invAlves a slightly different heat- treatment than for
annealing, it may be classed as aeorm of annealing. It is a process whereby iron-base
metals are heated above their critical temperatures to get a better solubility of carbon in
the iron, followed by cooling.in still sie. The process removes all sitrainst due to machining,
forging, hending, and welding. You can process normalizing only with a good furnace where the
temperatures and atmosphere can be closely regulated and held constant throughout the entire '
operation. Reducing atmosphere will normalize metal with a very small amOunt of oxide scale;
but an oxidizing atmosphere will leave the metal heavily coated with scale. This outside
scale will prevent outside hardness in any other hardening process. -he term
"decarburization". is used to describe the surface condition of metal when it has had a portion
of the'carbon content of the'sfirface burnil out. Remember that a. piece of steel designed for
a particular job will haVe to be maChined,to certain dimensions. The machining must remove
all of the (*carburized surface from the piece without reducing it to less than the required
dimensions; Aliiays select an oversize piece of metal which will allow for this machining.
This extra metal is called an "allowable tolerance." Remember that yob can control this
burning lor (*carburization considerably by the use of neutral Or slightly carburizing
atmospheres in the furnace. If you have an oil fired forge instead of the latest thing in
heat-treating furnaces to work with, be sure that you do not have an excessive blast of air
going into the firebox. You may have oAly a multiple-tip torch. If so, you.then must
exercise great care to' avoid decarburtzation. Some alloys, such as the chromium types, are
normalized prior to the regular heat-treatment operation. Normalizing softens steel somewhat,
but it does not itffect Its strength to any great extent. The precautions applicable to
annealing also apply to normalizing. These are the steps- to he remembered:

(1) Heat the piece to be normaliZed to a temper4ture of 50° to 100°F above its
critical pbint.

(2) Hold the piece at this point until the heat has had time to soak through to the
center of the section. Avoid prolonged soaking of the metal at'high temperatures,
as this will cause the grain structurebto enlarge.

(3) Remove from the furnace and cool in still air. Avoid drafts; they cause uneven
cooling wh4ch in turn causeystrains in metal.

c. Hardening.

(1) Heat control. Hardening of metals and alloys can be done in several ways. Copper
. is hardened by rolling or working, but steel. requires a-different process. To

harden-steel , you must heat the metal to.a little more than its critical
temperature, then cool it rapidly by quenching it in oil, water,,, or brine. The
treatment gives the steel a. fine grain structure, extreme hardness, greater
tensile strength, and less ductility. Steel, after being hardened, is generally
too- brittle for most practical uses, although this treatment is the first. step in
the production of high-strength steel. To harden steelisuccessfully, you must:

f
(a) Control the rate of heating to prevent cracking o.cirtnick" and irregular

sections.

(b) Heat thoroughly to correct hardening temperaturlk Soak time required depends
on the size of section of met,1 being treated.

(c ) Control furnace atmosphere which is required, in certain steels; to prevent
scaling and deoarburization.

,

(d) Use suitable quenching media. Quenching medium must have the corre t heat
capacity, viscosity, and temperature to'obtain adequate hardening w thout

4cracking.

Most of your 'work in hardening is employed in .carbon tool steels. These steels
contain from 0.7% to 1.5% carbon. The treatment of all steels im this class is
the same except for the variation in critical point. The.critical point in
hardening, as in all heat-treating, determines ,the temperature to Mitch the steel
must be heated., Ordinary carbon steels are heated to between 1,1500and
1,500°F. These steels are supplied in the unhardened conditionl in various
sizes and shapes, such as rods and bars. They can easily be shaped into the
desired form by forging or machining. In its "unhardened state, tool steel is of

\little value, but when it is, properly hardened and tapered, it takes on
properties that enable it to cut other metals., The common cold chisel is a tool
that demonstrates the properties of hardness and toughness that can be developed
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in carbon steel through hardening and tempering treatments. Carbon tool -steel is

hardened by, slow heating to a temperature of 500 to 1000F above the critical -

temperature' and sudden cooling by quenching in water or oil. Remember .phat the

critical points of steel vary with the alloying ingredients. In carbon tool

steel, the higher the carbon content of the steel, the lower the critical point.

(2) Ouenching. This is a process of which heated metal is rapidly cooled by placing

it in water, oil, or Some other quenching medium. Any solution used for cooling

metal in the heat-treating referred to as a quenching medium. A number

of liquids may be used for quenching steel. Both the quenching medium and the

form of the bath depend largely on the nature of the work to be cooled. It is

important that you have enough of the medium to cool the metal without changing

the temperature of the bath. This is especially important when You have a number

of pieces to quench, one after the other. It is hard to keep steel from warping

and cracking during the quenching process since certain parts of..the metal cool

more rapidly than others. When the change in temperature is-not uniform, internal

strains which may be sufficient to cause warpage or cracking are set up. Odd or

irregularly shaped places are more likely to be affected by internal strains than

are even sections. Forging and machining may also-set up internal strains in

steel parts; therefore it is advisable to normalize, these articles before

attempting to harden them. To reduce the tendency of steel parts to warp, you

Should pay attention to the following recommendations:

* Dip the article to be quenched into the bath. Never throw it in or allow it
/

to lie on the bottom of the bath. If you let the part lie On the bottom of

the bath, it is liable to cool faster on the top than on the bottom, thus

causing it to warp or crack!'

1 * Don't allow the part you quench to remain motionless in the bath as the

heat will cause a coating of vapor to be formed around the part which will

prevent it from cooling rapidly. Keep moving it. The stirring allows the

bath to convey the heat to the atmosphere.

* Quench the piece so that all.of its parts will be cooled uniformly and

with the least possible distortion. Quench these parts as a gear wheel or

shaft in a vertical position.

* Dip or immerse odd-shaped steel partsso that the thickest section will

enter the bath first.

(1) Quenching media: 'Cotimionly used quenching media are fresh water, 'salt water

(brine), and oil (fig 1-1D).

(a) Water. This' is often used as a quenching medium. It is not ideal, however,

Warne of the bubbles which form on the surface of the tool or part being

.
quenched, especially in holes or recesses. These bubbles retard the cooling

process and cause soft spots which are likely to weaken the steel. If you do

not use water; be sure to keep moving the object being quenched to avoid, as

much as possible, the formation of gas around itn,metal part. Keep the water

bat,11 at about 700. Extremely cold water might wifrp or crack the steel;

water above 700 will not produce the required hardness.

fresh water salt water oil

Fig 1-10. Comparison of quenching media:



1

(b) Salt water (briinet. Thie meditniis much better to be used as a quenching bath
Than Weill Maie'. *ten the brine is quier.(not in mots ), it is referred to
as still brine. , The most satis tory brine bath is ma by dissolving
ordinary salt in the water until 5%- to 10% solution 1 "obtained. The salt
in the water causes the water to take hold" and wet the heated steel tool or
the part evenly. This wetting causes the quenching to proceed uniformly:
Brine else,. "throws'scale" better and usually gives you a cleaner tool or part.

(c) Oil. Oil is slower acting than water, and it is, therefore, better for
quenching heated steel, because its slower action greatly reduces the tendency
of the steel to warp or crack when quenched. Unfortunately though, part4 made
of Nigh- carbon steel will not develoe their greatest possible hardness when
quenched in oil unless they are quite thin. It is best to use, however, since
it will produce the required hardness. Oil queniches should have a high
flashppinti, low viscosity, andfa constant compaition. They should be kept at
temperatiires of 1400 to 160 °F. -

o

(4) dt_Niulttsb

e
'd Agitators may be used to keep the quenching media circulating, or

tney y gned for continuous circulation by means of a circulating pump.
You will havi to keep your bath at the proper temperature by the best means at
your disposal. For example, if your quenching bath is too cool, you can heat it
with hot pieces of scrap meal until the proper temperature is reached. Here are
a few points that you should keep in mind:

* The quenching rate of the medium drops as its temperature rises.
. ',

* Near the boiling point, the quenching medium has less than 10% of the
quenching rate, or the ability to cool , than it has at 68 °F.

* Morcheat will be driven awpy if the piece is kept moving abut in the bath.
This dispel of heat is called heat dit'Sipation.

Some iron alloys are timed as water- hardening, others as oil-hardening. Some
high-speed steels are callep air-hardening. Again, as in 'any phase of heat-treat-
ing, you must know just what kind of metal or alloy you are,workihg with. If you
make the mistake of quenching an 'oil- hardening tool in water, you are liable to
crack the tool. Water's faster rate of dpoling is too harsh and abrupt for alloys
classed as oil-hardening metals. Plain carbon steels have a high mite of cooling,
therefore cooling by quenching can't he too fast for them. Additions of alloying
elements to steels lower their critical cooling rate, and thereby require the use
of a quenching medium at has a slower cooling rate. If there is any doubt in
your mind about the method of heating and cooling required for a particular piece
of metal, your best solution is to obtain the stock number for that particular
piece of metal. From the stock number, you can find the Navy specifications for
that stock. The specifications will give you the information that you need about
the alloying elements and tensile strength of the metal. From this information
you can judge the critical temperatures and the best method for heating and t
cooling by comparing the metal in question with another metal for which you know
the proper treatment. Hardness, distortion, and internal stresses are all results
of the cooling rate. Oils, therefore, produce less distortion an fewer stresses
in steel than other quenching media. Mineral oils are generally chsed f ,

quenching, as they are less expensive than other oils. Also they are o. more
stable mature than other oils; that is, they are not subject to decompos tion.

0

d. Tempering.

(1) Drawing. This is a process which is generally applied to steel td relieve the
strains that are brought about during the hardening process. Drawieg is done by
'heating the hardened steel to a temperature below the critical range, holding this
temperature for sufficient time for it to completely penetrate the piece, and then
cooling in water, oil, or air. In this process, as in the other. heat-treating
processes, as you gain one property you lose others. For example, in tempering,
you improve the'ductility and toughness, but at the same time, you loose some of
the tensile strength,' yield strength, and hardness.*The temperature to which you
will reheat hardened steel is determined by the degree of hardness and toughness
detired. The tempering range is from 400 °F to a point just below the critical
point. The upper temperature is usually about 1,000 °F. Tools designed to have
cutting edges are not above 600° to 7000F. A file is a cutting tool which may
be very hard and brittle. Since it receives little shock or pressure, brittleness

a
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is no disadvantage. A chisel; on the other-hand, is subjdcted to tremendous

sh ck, therefore must be tough, not brittlq, and Its head must be soft to recelie

th blows. By trial you will soon learn the degrlee of head to which a tool wits

b tempered. You can be guided by figure 1-11, which gives the tempering heats

or various tools in degrees hrenheit. .

DesreeLifithrenheit I221

400° Hammer faces, machine cutting tools
4800 ( Taps and dies
480° Punches, reamera, dies, knives
500° Twist drills .

520° Driftpins, punches 1
540° Cold chisels
5500 Screwdrivers, springs

Fig 1 -11.. Temperatures for tempering various tools.

(a) Again there is the problem of controlling the heat. In dealing, it is the

tempering or reheat temperature. If you have a tempering furnace you onl'

shave to set the controlling devices. If you don't, you must improvise and
complete the hardening and tempering treatment as best you can. Several

methods ofireheating are possible in any sort of shop setup. You must, salmi

vhat4you have. One method is the use of, firebrick. you used it to ru& out

the heat color earlier in this chapter. The heat colors°will be your only

guide to temperature when you use reheat methods of this type. Another good

way of reheating for tempering is shown, in figure 1-12.

(b) You have a 'Metal box filled with sand. The source of het is an oxyacetylene

or other type of torch. The hardened tool, in this case 1 center punch, must
have a bright clean surface or the heat colors won't indicate the true .

temperatu. First, rub the tapered end of the punch briskly with emery cloth

until it is bright and clean. Then insert it in the hot sand, head down. The

heat of the sand is absorbed by the head-end of the tool and travels up to the
point by c,onduction. As more and more heft is absorbed by the tool, the point
gets hotter.1You will notice the color change on the brightly polished end.
When the desired temperature is reached, the color indicating the temperature
appears an the point of th0 tool,. This temperiture should be 4000 to

6000F or as indicated by a deep straw color. Now, with a pair of pickup
tongs, remove the punch and quench it to prevent more than the desired amount

of heat from reaching the point. Because of the varying amounts of heat that
have been attained in the tool from head to point, a varying degree of
hardness will be present in the tool; the point will be hard and capable of
penetrating metals, the shank will be tough, and the head will be soft enough
to withstand the continued blows of a hammer.

Fig 1-12. A method of reheating for tempering chisels, punches, etc.
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(c) Mother mignon method employs chisels. Bring the temperature of 2 1/2 or 3

inches of the cutting edge of the tool up to the hardening point. Quench the

tool by plunging about 1 1/2 or 2 inches of the heated end into the quenching

medium and jiggling it rapidly in an up-and-down And forward-and-backward

motion being sure to keep the point immersed 1/2 tech in the quenching tank at

all times 1-13).

Fig 1-13. .ching a chisel.-

(d) When the metal is cooled to a blac heat (9000 to 950uF), remove the tool

from the quench tank, quickly polis the tapered end with an every board, and

watch the temper color "run out" unt 1 the desired color appears (usually a

dark blue). Quench the' entire tool stop further heat of the cuttin4\edge.

(e) It is well in reMember that every chisel you see is not a watel.hardened
chisel. Many are manufactured from special alloys and are oil-hardened. Most

chisels of this type have directions for treating stamped on the shank as
follows: 1,350 W 4)0 or 1,600 O. The first means to heat to 1,350 °F,

quench in water an temper at 4000F. The second means heat to 1,600 °F

and quench in oil. It isn't necessary to ,temper such as it is a

special alloy. Other alloy chisels will have different directions stamped on
the shank, vhich is another reason rihy you should pay attention tb the rule
"Know the metal you are working:" Generally it is safe to assume that an
unmarked chisp is a carbon steel water- hardened tool, but `give it a spark

,

test to identify it. , k

(f) Equipment for quenching baths consists of tanks, circulating pumps, and

coolers. Tanks must be large enough to allow the liqeids to remain at about

loom temperature. If you do a lot of quenching, you will probably have
circulating Pumps and coolers to keep fairly constant temperatures.

(2) Tou enin . The only difference het en this operation and tempering is that.

g her drawing (reheat) temperatures are used (7000 to 1;300F) in

toughening. This operation is used when the property of hardness is unimportant
and shock resistance and toughness are desired.-

e. Case Hardening

(1) This process consists of causing the sur e of a piece of steel to absorb

carbon. A thin shell having the propert of tool steel is formed upon the

surface of the piece. The case or shell n be hardened by heating and quenching

as though it were tool steel. Only the case, which has a high-carbon content,

becomes hard, while the core remains soft, tough, and ductile. The case can be
varied in depth from a few thousandths of an- inch to an eighth of an finch or more,

depenaing upon the process used.

(2) Several processes are available for adding carbon to the surface of steel. In the

pack hardenieg process, the parts are packed in charred bone or charred leather in
a closed iron container and heated for a considerable time in a forge or furnace.

The longer the time the deeper the case. In the cyanide process, the parts are

heated in a bath of molten potassium cyanide. Since cyanide' is one of the most

dangerous poisons known, it should never be attempted except under expert

supervision. The oNeacettliene flame, adjusted to give a carburizing mixture, can
also be used to increase e carbon content in a' thin layer on the steel surface.

(3) The nitrogen case hardening process, which is known. as nitridieg, consists in
subjecting the machined and generally heat-treated materials to the action of a
nitrogenous substance; commonly ammonia gas, wider certain conditions thereby,

surface hardness if imparted to the material without any further \treatment.
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EXERCISE: Match the forms of heat-tr,eating one through five, In column 1 with their correct
definitionk, Ha° 'through ,re, in column P.

Column 1

1. Annealing a.
2. Normalizing
3. Hardening
4. Tempering b.
5. Casehardening

Column 2

Gives steel a fine grain structure,
extreme hardnes's, greater tensile strength,
and eless ductility.
Iron base metal is heated above its r

critical range and cooled in still air.
c. Is used to reduce stress, induce softness',

change ductility, or improve grain
structure.

d. Causes the surface of a piece of steel to
absorb carbon:

e, . Heats steel to a temperature below
critical range, holding until heat
penetrates completelyi -and cooling in
water, oil-; or air.

'Work Unit 1-14. HEAT - TREATING EOUIPMENT

IDENTIFY THE THREE WES OF HEAT-TREATING FURNACES.

Equipment needed for heat-treating consists of a suitable mean for bringing,the metalto the required temperature, a temperature-measuring devices and a quenching medium. Heat maybe supplied by a forge or welding torch; however, you will do the Jok a lot easier and betterif you have a heat-treating furnace' to work with.

Furnaces. The equipment that you have will determine the manner ,in which you performthe various heat-treating operations. Your Method of temperature control will greatly`influence the results you obtain. The more rigidly you can maintain control, the more uniformyour work will be. You probably won't have the most modern equipment to work with and may
have to depend on your eye to Judge heat. Supprisingly good work is done by experienced
heat-treaters using theo'cve of Judgement." With sufficient experience, you too'can -becomeakpt at this method of determining' temperature.

a. Oil-fired and gas-fired furnaces. These are constructed so that he firebox isenclosed In a casing of steel plates electrically welded together and mounted on a steelframe. The lining of the furnace is Fade of firebrick, iutalled by a couple inches of
magnesia: The magnesia lets the firebrick expand without Ian*. of damaging the steel
casing. the heating chamber is made of semirefactory brick, which altegt for quick heating.The hearth plates are usually made of heat-resisting alloy with suitable flanges for holding 'the cork in place. Furnaces are made to keep the same temperature throughout all parts of theheating chanter.

b. Electrically heated furnace. This has the advpntage of being-quiet, clean, andconstant In opera-Um. The heating element of an electric furnace will be either of the metalor carbon-resistor type. Metal resistors are used where temperatures don't go over2,000°F. Carbon resistors are used for higher temperatures. Most ghops have two flonaces.
One is for low-temperature operation, where most heat-treatment can he done; and the other,,although smaller in size, is a higher temperature furnace. it is capable of the high
temperatures necessary for some of the high -speed and special alloy steels..

c. Bath furnace. .This is often used for small parts that have been machine - finished andhave to be heat treated. Parts that are too large ato.be treated in a closed furnace maytreated in a bath furnace. A bath furnace is simply a melting pot filled with molten salt,lead, or oil, and surrounded by firebrick. The bath is kept at the required 'temperatures bymeans of electrical resistors. Figure 1-14 is a schematic drawing of a bath furnace., '
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Fig 1-14. Salt bath furnace.

. . (1) Lead and oil-bath furnaces are principally for tempering, while salts may be

prqcured. for any temperature range. However, it -is well-to remember that

'loW- temperature temering salts are not capable of withstanding temperaturei

fr--Vs' needed for high-al/WY steel hardening.
Pirts heated in the salt bath are free of

t scaling, but you should be very careful to remove all traces of the salt after the

treatment.

(2) Generally, shops equipped with salt bath furnaces will Kaye three furnaces in

addition to the lower heat temperature baths that may be available. The

temperature ranges for the three baths will be as follows: 1,0000 to 1,5500F;

1,4500 to 1,9500F; and 1,8000 to 2,35QF. Considerably less, time is

required for heating with the bath furnaces than is required when heating with air

furnaces,. When the salt bath furnace is used, the. entire piece is.immersed in the

solution. This excludes air from the piece so-that no scaling can occur,'and thq,

piece will he bright and clean. ,

EXERCISE: Answer the followitig questions and check your,respOns

the end of this study unit.

1. AJ1 the ones listed bellow are.types of heat-treating furnaces, EXCEPT

furnace.

against those listed at

. .

a. 'oil and gas fired c. electrically heated :

b, coal fired d. bath
,,,A...

-* a , .
%.

2: ,The best way of heat-treating metal As with a

. .
,

a. forge. , c. welding torch.

b, furnace. d. cutting torch.
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Mork Unit 1-15. THE PYROMETER -.
IDENTIFY THE DEVICE USED TO MEASURE THE TEMPERATURE IN THE HEAT-TREATING PROCESS.

Measuring devices. The device for measuring and controlling temperature are very
important. Temperature variation of a few degrees may seriously affect the physical'
properties of the metal you are working. In order to get good results, you should use a-
thermoelectric instrument known as a pyrometer to measure the temperatpre of the metal being
heated.'

. a. A pyrometer (fig 1-15) consists of a thermocouple, extension leads, and a meter.- It
works as follows: ,If .you'lwist or weld two wires of different metals together and heat OW,
you will generate electromotive force or voltage. You can measure this voltage by connectingthe cold ends of the wire to a galvanometer that is sensitive enough to read thousandths of avolt. At this point mathematics is useful. The voltage that you have measured Is
proportional to the difference in temperature between the hot and cold ends. In other words,
the hotter the wires get, the more voltage is generated. Since the pyrometer has been marked
off in degrees instead of electrical units, it measures heat.

b. The thermocouple used in pyrometers for measuring temperatures up to 2,000°F is
generally of lower priced iron, copper, nickel, or chromium. The more expensive ones of
platinum and rare metal combinations may be used to measure a temperature up to 3,000°F.
The thermocouple is the portion of the pyrometer that is inserted In the 4st-treating oven to
measure temperature. In bath furnaces, the thermocouple is inserted in thetrolten solution,
itself.

.

c. Alloy extension leads are made of the same material as the thermocouple. In effect,
you might consider the thermocouple as extending from the furnace to the meter. Py the use of
leads, you can put the meter far enough away from.the furnace so that- the cold ends won't be
affected by *e sudden changes In temperature. These leads are carried in parallel and are
covered with heat- resisting insul a ti on .

THERMOCOUPLE

(DISSIMILAR METALS)

CALIBRATED LEADS

.

FURNACE WALL

INSULATION.
Fig 1-15. Diagram of a pyrometer.

d. The meter in the pyrometer does not really indicate the tempirature of the hotAnd of
the thermocouple, but registers the difference in temperaturebetween the hdt and cold .ends.
This mans that the temperature of the cold end has to he known and held constant. This is
taken care of automatically, either by a thermostat which operates a control spring to make
the correction automatically, or by zero adJuster which you must operate by hand.

e. Pyrometers may be of either the indicating or the recording type. The indicating toeI must be read while the heating is_being done. The recording type makes a permanent record of _

the temperatur$range throughout the heating Operation., Modern furnaces have pyrometers
called "controller potentiometer pyrometers," which you can set et any desired temperature to

`regulate the heating. Many gas- and oil-fired furnaces ere equipped with controllers which,
egulate and maintain any desired heat within range of the furnace design.
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EXERCISE: Answer the following questions and check your responses against those listed at

the end of this study unit.

1. M instrument used to measure the temperature of the metal being heated is a

a. pyrometer.
-I c. temperature gage.

b. thermometer. d. thermos tat.

. . "
2. How ma types of pyrometers are there?

.a. "1 c. 3

b. 2 d. 5

Work Unit 1:161 ATMOSPHERE CONTROL UNIT

IffENTIFY THE MAIN PURPOSE OF AN ATMOSPHERE CONTROL UNIT.

Atmosphere control. Proper atmosphere control is essential to good heat-treating.

Some heat-treating furnaces have an atmosphere control unit, attache& A cross-sectional 'view

of the controlled atmosphere harilening furnace Is shown in Figure 1-16. The construction of

all air furnaces is similar, but you an find the exact details of the construction of.your

furnaCe in the manufacturer:s instruction'eanual along with instructions for operating the

furnace.

vAtalury

,,

\\No,

Fig 1-15-. Sectional view-of con oiled atmosphere hardening furnace'.

The main purpose of atmosphere control is to keep the metal from oxidizing. Either a neutral

or slightly reducing atmosphere Will sej've this purpose. A neutral Onosphere is one which

has no excess-of 'either fuel or air. A reducing 'atmosphere has an excess of combustible

gases. In the oxidizing atmosphere which contains an excess of air, that you must guard

against. After a little, experience, you Will be able to judge-the atmosphere by character of

the flame. A long, lazy flame indicates excess fuel or a reducing atmosphere, while a blue

. flame at the burner, short and "sharp," indicates, an excess otair or an oxidizing

atmosphere. Atmoiphere can also be judged by observing the smoke, flame; and burning of small

311' =inch cubes of wood. The character of the burning cube changes. from that of charring in,a,

reducing atmosphere to that of rapid burning, as -the ,oxygen or ratiborair to -fuel is

increased. To change the atmosphere froerOxidiziug to neutral or -to slightly reduce it, you

increase the ratio of fuel to air. On oil- or gas-burning furnaces, you adjust the fOel and

air valves which control the heat of the furnace. On the electric ,furnace, you change the

atmosphere by adjusting the fuel and air valves on the atmosphere control uhit attachedto the

furnace. Each steel has its correct atmosphere.

(al' High-speed steel - -a 'reducing atmosphere (excess of fuel)..

(b) Alloy steel hardening from 1,6500 to ,130Q0E--a neutral atMosphere. A.

desirable atmosphere for high-speed and alloy steels may be obtained by

.
:Awing an inert gas, such as helium, into the furnnace chamber. Helium

-pemits no oxidation or similar chemical action at any temperature.

(c) Carbon and 1,w-illoy. steels hardening from 1,4000 to 1,6500Ea neutral

atmosphere, sMITtly on the oxidizing 'side.

1.30
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th/EXERCISE: Answer th following questions and heck your responset with those listed at theend of . is study unit.

1. The main purpose of an atiosphere control unit is to keep the metal 'from
. a

c. reaching critical point.
d. l burning.

a. oxidizing.
b. melting.

2. Identify the most essential element in good heat-treating of metal.

a . Fuel regulation
b. Atmosphere control
c. Correct amount of solution in bath furnace "ft-d. Thickness of the fire bricks

3. Atmosphere can, be judged by observing' flamg, burning of small 3/4 inch cubes of
woods and by

a. burning a charcoal briquet
b. observing color changes in the metal e4 c. the smoke

. d. the amoyt of fuel being inducted into the furnace.

SUttiARY REVIEW
r

At various times during your career, you will have the occasion to draw from supplyand frequently use materials'described.in this chapter. Although a given metal or alloy is
available for your use in a variety,of.forms (sheets, bars, pipes, and structural shapes), it'
has certain characteristics and properties which make it more suitable for some applications
than for others. An important part of your, job is to know the properties and characteristics

of the materials with which you work. Many of the identification tests discussed in thischapter will he in daily use in some sh ps. In ether shops, your opportunities, for gaining
experience wi th- thee methods .are In.either case, keep your eyes and e rs open.',Familiarize yourself with the materials u d by your shop. When yoti have portunity, usethe te0s- alnig,with 'the characteristics, as described in this chapter, f metalideptificatton on kn n samples; then, when you need to identify an unknown piece metal,.you will know-and re gnize the characteristics peculiar to-'it. Only practice and fperiencecan mike you an expe t with metal \identification., . -

hers to Study Urt-101 Exercises

Work Unit 1-1.
,

,..._:____7.
_ IC A.

1 . c . i t :i
. ,

. ,

-.4i.2. To control and direct the heat on the edgts of the-metals to he'welded goad add asuitable filter material to the pool of MI ten metal. .,3.. a.
4. a.. MIL (MOO I as)

,

I
b. 3 VG (T...ung Inert Gas) ,,.

rit

. Work Unit,1-2.:

1: Physical Properties - Are metal_ properties determined by chemical -comppsit4ons
which cannot he changed by heat-treatment.

2. Mechanical Properties - ar ttie characteristics of a metal that eilahle it to
resist deformation by ex 1 forces.

a
4
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Work Unit 1-3.

1. a. 10. (1) Chromium

2. c. (2) Manganese

3. d., (3.) Molybdenum

4. b. (4) Nickel

5.. c. (5) Tungsten

6.. b.' (6) Titanum an'Columbiam

7. a. (7) Vanadium

0.

9.

d.

d.

WOrk Unit-1-4.

1. d.

2. c.

3. a.

Work Unit 1-5.

4. e.

5. h.
`$.

-1. a. 4. a. The class to which the steel belongs.

2. b. C c b. The percentage of the prodominant'alloying agent

3. c. C. The average carbon content in percent.

Work Unit 1-6,

1. The ability to identify metal by the color and texture of the surface appearance.

Work Unit 1-7.
4

1. This test is made by removing-a small amount of material from the sample of metal

with a sharp, told chisel.,

Work Unit'1-8.

1. This test is made by holding a piece of metal lightly against a grinding wheel and

observing the sparks given off.

Work Unit

1.. This test is made by studying the behavior of the metal under the oxyacetylene

tovh.
. ,

Work Unit 1-10.

a

1. The process by whichFertairi desired properties are developed:

Work Unit 1-11.

1. a. Get the metal hot
h. Hold the heat
c. Cool' the metal

2. b.

Work Unit 1-12.

1. a.

2. c.

3. c.

4. Grain Growth

, .

1-32
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A Work Unit 1-13.

1. c.

2. b.

3. a.

4. e.

5. d,

Work Unit, 1-14.

1. b.

2. b.

Work Unit 1-15.

1. a.

2. b.

Work Unit 1-16.

1. a.

2. c.

3. a.

1-33
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STUDY UNIT 2

ARC WELDING PROCESS..-

STUDY UN OBJenIVE: UPON SUCCESSFUL COW ETION OF THIS STUDY UNIT YOU WILL
IDENTIF E BASIC ELEMENTS OF ELEtTRICITT'IN ARC WELDING. IN AMITION, YOU WILL
IDENTIF THE CONSTRUCTION AND TYPES OF WELDS, ARC WELDING MACHINE ACCESSORIES, ARC
WELDING ROCEDURES, AND WELDING SAFETYTRACTICES.

iiiork Unit 2-1. ELECTRICITY IN ARC WELDING e
. IDENTIFY THE RESULTS, OF WELDING WITH "100 LONG AN ARC.

IDENTIFY THE CORRECT PLACEMENT OF THE ELECTODE AND GROUND CONNECTION FOR STRAIGHT
OR-REVERSE POLARITY.

IDENTIFY THE TERM "ARC BLOW" AND PROCEDURES FOR C&RECTING IT.

ELECTRICITY IN ARC WELDING

a. Fundamentals. So that you can uVderstand the process of electr -arc welding, a few
. ., .

basic facts about electricity should be known. One of the first facts is that a current of
electricity will not flow unless there is a complete conducting path and electrical circuit.
An electric current flows along a conductor just as water fiows through a pipe. To move this
water, there st be a means such as a pump or a difference in the water levels, In the same
manner, elect is current will flow along a wire when there is a difference of 'Pressure"
created by a attery pr generator. The unit ly4 force or pressure that tends to move
electricity is the volt. You measure the rare at which water flows through e pipe as

All,gallons or cubic feirlier second. In much the same way, the rate at which e tricity flows
becomes a certain quantity flowing per second past a certain point. This 'is ca ed an
ampere. The amount of current flowing in the circuit depen$ on the pressure (voltage) and
the resistance (ohms) to the flow.of current (amperes).

, ,, .

b. Arc-welding principles. The proper length ofrlhe arc in arc welding (fig 241) is,
important for good welds. With the propearc length, the heat is concentrated on the work.
If the arc is too long, the heat will escape to the surrounding areas' and penetration will be
insufficient. A short arc is more stable than a long arc, and the vapors from the burning
electrode (rod) surround the arc pool and prevent air from reaching these hot areas. Proper
arc length clnnotibe accurately judged by eyesight but can be recognized by sound. A sharp
crackling sound sRould be heard while the electrode is moves down to and along the surface of
the work. When a circuit carrying,a current breaks, the current continues to flow across the
gap between the terminals until the space becomes too long. ror bridging this gap, A.40..,

a superheated gases from the heated atmosphere and particles of metal from the terminals carry
the current. This action causes an intense white light called the electric arc. Since the
resistance in this arc is high, a large amount of electrical energy converts`heat in the arc.
The proper arc length causes the metal exposed to it to melt instantly. It is the heat
produced this way that is available for electric-arc welding. The dc arc-welding machine used
for electric-arc welding has a generator driven by some motive power (gas or diesel engines).
The.voltage of the generator will usually range from 15 to 45 volts across 'the arc, although
the setting may vary because of changes in arc length. Current output will vary from 20 to
800 amperes, depending on the type of unit. In most welders, the generator is a
variable-voltage type, arranged so that the voltage automata ally adjusts to the demand of the
arc. You may manually, adjust amperage the welding current Usually you may set it t the
proper range by means of a selector swi!hh or by a bank of plug receptacles. Using ei er
method, you obtain the desired ampbrage by connecting the field coils of the generator t

_ different points to either increase or decrease its strength. When you can manually ad ust
the voltage and amperage of the welder, the machine is a dual-control type. The welding
circuit (fig 2-2) consistds of a source of welding current and an electrode lead attached.on
one end to the power source and to the work on the other. In any electric circuit, current
flows only when the circuit is closed. Welding current flows through the welding circuit only
when an arc is established between the electrode apd the work. When a dc welding circuit is
closed, the current flows from the positive terminal thriugh the circuit to the ne9ative
terminal of the generator. The terminal to which the ellfttrode cable is connected defines the
polarity, which is important because it determines whether the greater portiot of the welding
heat developed is concentrated on the electrode side or)the work side of the arc. Studies
have shown that about two-thirds of the heat of the arc is developed at the positive pole.
Thus, in straight polarity (electrode negative), the greater portion of the heat developed is
concentrated oh the work side of the arc. In reverse polarity (electrode positive), the
greater of the heat is concentrated on the electrode side of the arc. Early in the
histor of weluing, when bare steel electrodes,were'used, it was necessary to connect the

-,,,



electrode to the negative terminal and the work to the.positive terminal. _This procedure
becaMe known as straight polarity. However, when heavy-coated electrodes were introduced, it
was necessary to reverse these connections, hence the name reverse polarity. Again, in brief,

straight polarity means the electrode is negative; weverse polarity means the electrode is.

positive. If the operationlbf coyere lectrodes with reverse polarity is compared with the

4P)frioperation of the same electrodes wi straight polarity, you will obser that reverse

polarity gives slower electrode burn-oil rates. At the same time, penelVation is deeper and
more certain and the weld metal is morW fluid and slower to freeze. -

A. Arc length too long, 1U Short are more stable.

Fig 2-f. Characteristics of arc length.

(ARROWS INDICATE CURRENT)

U E.CTROCIE

4.. ARC

WO K

A. STRAIGHT POLARITY % REVERSE POLARITY ,

Ftg 2-2. Polarity of weldi/ng currents.

.

c. Depositing filler metals. Filler metal transferred from the electrode tip to the base

metal is probably the result of a number of forces. Some of these forces have little effect

on the transfer of the metal. Others are theory. The forces commonly thought to Ie involved

are gravity, surface-itension, gas expansion, electromagnetic forces, and vaporization and

condensation. Some of these forces play a bigger part in the transfer than others. A brief

discussion of each force follows.

(1) Vaporization. An intense heat is developed by the arc, but this heai'energy is
sufficient to vaporize only a small portion of the metal lathe electrode tip.
Some of this vaporized metal passes through the. arc and then condenses when it
contacts the molten pool on the base metal whiCh is much cooler. Another portion

of the vaporized filler metal escapes.the surrounding air and appears as spatter.
sSinceonly a small portion of the filler metal is vaporized and since the bulk of
the filter metal from the electrod0 is actually transferred to the Weld, it
follows that additional forces are at work.

(2) Gravity. This may account for some metal transfer in the flat position. However,

since the rate of metal transfer is as gre"at in the vertical and overhead
positions, gravity does not appear to be an important factor. In fact, metal

transfer in arc welding seems to defy the force of gravity.lbActually, graKity may
become a problem in'the-overhead position if the molten pool of, metal becomes so
large that surface tension cannot contain the metal in the poo

4
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( ) Surface tension. This is the force that makes it possible for a gently placed
needle to be supported by the surface of water. This force is very important in
retaining the molten metal in the pool of the joint. It also tends to draw a
molten globule of metal'intothe pool once contact between the globule and the
pool has been made. On the other hand, surface tension has no tendency to protect
partiOefrom the electrode tip through intervening space Lo the pool. Insofar
as metal Transfer is concerned, surface tensionlis of littlerimpo tance except to
retain the shape and the transferred metal in the Pool.

!(4) Electromagnetic forces. Pinch effect results from electromagnetic forces which
arise from the high current passing through the metal globule at the electrode
tip. This exerts a compressive force on the globule and tends to pinch or detach
the globule from the electrode. Pinch effect was once thought to be important in
metal transfer, but more recent investigators doubt that the force involved is
sufficiently great to "punt to much metal transfer.

(5) Gal expansion,(fig 2-3). Thq'theory explains metal transfer on the basis of gas
pressure-developed in the metal. The source of-this gas is attrubuted to
impurities. Heat causes the gas to expand and build up pre'sure. .Either or both
of two things may occur: (1) the gas is liberated at high velocity, it carries
metal paeticles; or (2) the gas forms beneath the surface of the molten metal and,
becalise of surfaee tension of the liquid metal, the gas expansion forms bubbles on
theltip of the electrode. The bubble may expand until it contatts the molten pool
on the work and short-circuits the arc, permitting transfer with the aid of
surfac% tension from the 'pool on the base metal. On the other hand, gas pressure
may burst the bubble, producing a fine spray of-particles in the direction of the
work. Considerable evidence has been Accumulated to support this theory of_metal
transfer.
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Fig 2-3. Characteristics of the shielded metal-arc.

d. Arc blow. There is one incident that frequently occurs when welding with direct
current that you must understand so that you will recognize i when it occurs to be able to do
ssomething about it. This is arc blow, one of the more frequent annoyances with which the
inexperienced welder must contend. When you are welding in corners, or are approaching an
abrupt turn,lawalding, magnetism makes the arc unstable and difficult to control. The
experience welder will recognize this kendency and-will take corrective measures before he
loses control. Arc blow occurs when the electromagnetic field that surrounds every
current-carrying conductor is distorted, a greater pull is exerted on one side than on the
other.' As a .result, the arc tends to waver or 4,low out the side of the electrode, consuming
the covering fAster on that side. Your first warning will come when the magnetic force takes
control of your arc and causes it to weave around like a recruit on his first liberty in

If yoti don't do something fast, the heat becomes so intenie,and the changes so-rapid
that you will lose your arc with an explosive burst that will.carrraway the molten metal from
the weld. Arc blow can be overcome by changing the direction of current flow, by changing
ground connections, by modif%ing the magnetic field with a1. bars across the weld groove, by
working towards the ground from any bend in the line of weld, or by tilting the electrode. In
arc welding, the current travels first in' one direction then in another, prActically
eliminating arc blow.

BEST COPY AVAILABLE
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EXERCISE: Answer the fbllowing questions and check your responses against those listed at

the end of this study unit.

1. The unit of force that tends to move electricity through a circuit is known as

a(an)

a. volt. c. ampere.

b. watt. d. ohm.

2. The flow of electric current is called the

a. volt.
b. watt.

c. ampere.
d. NM:

3. Insufficient penetration and heat escaping into the surrounding area is caused by

a. too long an arc. c. setting on the welder to high.

b. too short an arc. d. the wrong size elgctrode.

4. A dual control Welder is one in which the desired current is selected by

a. manual adjustment of the voltage aal amperate rate.

b. tapping the field coils at various points.

c. automatically adjusting the voltage tomeet the arc demand.

d. tapping the generator cote at various points.

5. Reverse polarity occurs when the work is and the. electrode is

a. positive -- positive. c. negative --'positive.

b. positive -- negative: d. negative -- negative.

w

,

6. Straight polarity of a welding circuit is defined by the

a. north pole.
d. south pole.

c. electrode being connected to the negative terminal.

d. electrode being connected to the positive terminal.

"7. The beneficial force which holds
welding is the .

a. surface tension.
b. arc blow.

the filler metal to the bare metal in vertical

c. gravity.
d. gas expansion

8. When wilding in corners or approaching an abrupt to

unstable and difficult to control, you aryexpr4enci
( (../

4,:"- C blow. c.- gas _mansion.

b. e tromagnetic forces. d. gr6ity.

netism makes the arc

Three meth of overeomfIng arc blow are by changing the ground connections,

tilting th ode and
r

a., increasing the current.
-decreasi,ng/the currect.

c. changing the direction of current flow.

,d. decreasing the yoltagv.

% '..rt i 1.
. .1

Work Unit 2-2. CONSTiOTION AND )4PES OF WELDS

LIST THE ThREB.pRpICIPLE PARTS OF A GROOV&AND FILLET WELD. ;

Illb
,

II* ) MATCH*THE FIVE TYPk:9FJOINTS WITH THEIR USES.
-- ,

..

LIST THE FIVE TYPES OF'wELDS,.

A person's knowledge. about Ills field,is usually reflected by his vocabulary. It is

essential that you have a rod command of the tOchnital vocabulary related to'your%work. Thii

will make it possible to eonvey information and exchauge ideas accurately. Here we are

concerned with terms -that apply more generally tbtp welding processes, namely, types of

joints, welding positions, joint parts, weld parts:,w. elding procedures, and sequences.
.e. ..,

f
-F. A

I .(111
s,,Ati
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a. Nomenclature of the weld (fig 2-4). Although there are many kinds of weld's, two thatare of particular importance at this tine are the groove and the fillet: Principal parts ofboth the groove and the fillet welds are the root, oe, and face.

(1) Root of the weld. The roots of the weld; as shown in the cross section, are the
points at whfth the bottom of the weld intersects the base-metal surfaces.

(2) Toe of the weld. The toe is the Junction between the face of the weld and the
base metal

(3) Face of the weld. This is the exposed surface area of the weld, extending from
toe to toe depdtited by the arc of gas-welding process, on the side from which the
welding was pem(ormed.

(4) Fusion zone. This is the region of the base metal that is actually melted.

1'5) Reinforcement. This is the weld filler metal excess, on the face of the groove
weld, which is an excess of the metal necessary for the specified weld size.

(6) Leg of a fillet weld. The leg is the distanei-Irom the root of the joint to the
toe of the fillet weld. On the fillet weld there are two legs.

(7) Throat of a fillet weld.- On the fillet weld therelare two throats,

(a) Actual throat. This is the shortest distance from the root of a fillet weld
to its face.

(b) Theoretical throat. This is the perpendicular distance between the hypotenuse
of the largest right triangle that can be drawn within the fillet weld cross
section and the beginning of the root of the weld.

(8) Size of weld. On an equal leg-length fillet weld, NO/1i size is designated by the
leg length of the largest isosceles right triangle that can be drawn within the
fillet weld cross section. For an unequal leg- length fillet weld, the size is
designated by the leg length of the largest right triangle that can be drawn in
the cross section of the weld. For example,\UAthe legs are 1/4 and 3/8 inch, the
size of the weld would be 1/4 x 3/8 inch. The size of a groove weld is the Joint

,penetration (i.e.: the depth of the bevel plus the root penetration when
specified).

Fig 2-4. Weld cross section.

2-5
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b. Types and preparation of weld joints.41 .
There are five basic types of weld joints used

in weld structures. Alfhojigh.there are many *lotions, every joint you weld will be one of

these basic types. The properties of a welded Joint depend on the correct preparation of the

edges that are to be welded (fig 2-5). The edges should be prepared to permit fusion of the

metals without' excessive heat loss through radiation into the base metal. To p t their

inclusion in the weld metal, all mill scale, rust, oxides, and other impuritle must be

relived from the joint edges and surfaces. Also, with a properly prepared join a minimum

amouRt of expansion and contraction_ will result. Joint preparation is governed by the type of

joint being used, the thickness of the meta1,e load which-the weld will be required to
support, and the means-available for preparing the edges to be joined.

WOE PRIPARATION

4 >I #

111

I II frli

Fig 2-5. Edge preparation before welding.

(1) Butt joint (fig 2-6). This type of joint is used to join the edges of surfaces of
two pates whose endsare lying in approximately the same geometric plane. The

edges can be prepared by cutting or grooving with oxyacetylene, by shearing,

s machining, clipping, or grinding. Whatever the method used to prepare the edges,
all scale, dirt, grease; and oxides must he removed.. Joints. shown in figure 2-6
ate used in butt-welding light sections of sheet metal. Plate thicknesses of from
318 to 1/2 in. can be welded using the single V-type, or single U-type joint as

shown in figure 2-6. The edges of still heavier sections would be prepared with a

double V or double U. In genetal, butt joints prepared from both sides permit
easier welding, produce less distortion, and insure better weld-metal qualities in
heavy sections than a joint prepared and welded from one side.

2-6
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AA

in. OR LIGHTER

1/32 TO 1/I

1/32 TO !if

I /2 ELATE TNICKNE11--4.1

NOTE ALL DIME,NSIONS SHOWN ARE IN INCHES

A. Butt joint, light sections.

40 MG.

\ -7

1/1-4 0T01/0

A -4114a6l--4,

45 DEG

1/16,T0 1/16
C-49461.1-41

Non ALL DIMENSIONS NVN ARE INCHES

1 X
B. Butt joint preparation roitheavy sections.

4 Fig 2-6. 8 tt joints.

45 DIG

D DOUILIv

I.

(2) Corner joint (fig 2-7). This n sed to join two members located approximately at
right angles to each other. The joint area in this case is between the,edgevef
one member and the side or edge of the other member. It is used mostly in the .

construction of low pressure to ks, boxes, frames and other similar objects. The
close-type joipt (fig 2 -7B) is used on light sheet metal where joint strength is
not required. 4 When welding this type with oxyacetylene, you use little, ,if any,
filler metal. Usually the overlapping edge can be melted-down nt& make the piled.
In arc welding, only a very light bead is fequired. When the close-type joint is
used for heavy plate, the Tapped plate isvy-beveled or U-grooved to.permit

"penetration to the root of the joint. On heavy plate, the joint is Welded frQln
both sides, first from the outside, then reinforcvd from the back side with a seal
bead.

4- 43

FILLET JOINTA
CLOSE-TYPE JOINT - -

C
OPEN-CORNER JOINT

HEAVY PLATE CORNER JOINT

Fig 2-7. Corner joints for sheet and plate metal. '..
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' (3) Ede oint (fig 2 -8). This type of joint 's not very strong. It is principally

us o oin the edges of sheet metal and to weld reinforcing pliates.in flanges of,..

I-beams or edges of angles. Two parallel plates..(fig 2-8A) are joined together by

means of en edge joint weld. On heavy plate, sufficient filler metal ls,added to

fuse each plate edge completely and to reinforce the weld. Light sheets are

welded by using joint B in figure 2-8. No edge preparation is required e her than

sh
cleaning the edges and tack welding them in position.--No filler-metal r

I

necessary as the edges are simply fused together. However, the joint sh in C, ,

figure 2-8, is for welding heavy steel plates and requires that the edges be 1

beveled so that good penetration and fusion of the sidewalls is obtained. This I

type of joint requires filler metal. Some typical applications of this type weld'

can be found on mufflers, tanks for liquids, housing, etc.

.,
.

Fig 2-8. Edge joints for light and heavy plates.

J

(4) Tee joints (fig 2-9). iThis type of joipt-ft us to eld two plates or sections

whose surfaces are located approximately 900 to ea o her at the joint, but

where the surface of one plate is not in the same p as the other.v

Illustration A of figureft2-9 shows this type of plan ,tee joirit welded frpm both

sides. This type will require no edge preparation other than.cleaning orthe

surfaces. B through E of figure 2-9 show edge preparation for typical tee

joints. Plates with thicknesses up to 1/2 in. use the single-bevel joint. She

double-bevel joint (Sig 2-9C) is used on heavy plate's or sections that can be

welded from both sideis and with plates having thickness of 1/2 inch or more.

Where welding can be
used. The double-J

one only from one side of the plate, the single-J joint is

nt is used fir very heavy plates that can be welded from

both sides. When welding these joipts, you must take care to insure that there

good weld penetration into the root openings between the vertical and horizontal

elements. This penetration'is further aided by the rpot openings.

rt0lAirel1DijS1ll6RFF°44ACES)

A PLAIN III

0 TO I/11

45 DEG M N in MIN
4 1

ssialmarauro TIE

D .1140t4--.4

NOTE AI,I DIMENSIONS,SMOWN ARE IN INCHES

Fig 229. Tee jants4 plain and prepared4.
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Lap jaint (fig 2-10). This is used to join overlapping plates or sells so Moot
the edge of one plate is welded to the surface of the other. Where t osition
of the joint doesn't permit welding from both sides,.these joints.may be made from
one side only. However, full strength is not realized when welded in this
manner. The double-lap joint, when welded on both sides will develop the full.
strength of the welded sections. Preparation for these two types involves nothing
more thedi cleaning the surfaces of the welding areas. On an offset lap joint,
where the overlapping plates must be in the same plane when joined and welded, the
weld offers more strength than the single-lap joint, but preparation for ,the joint
is more difficult.

'

I1

1

o
Fig 2-lb. Lap joints..

.. Types of welds and welding positions. A weld is obtained by suitable heating,
bringing together the surfaces to be joined, and usually the addition of molten filler metal
between the joint surfaces. These surfaces are bound together by the use of weld patterns .

which haye various names, the most common are bead, fillet, tack, groove, plug, and slot
weld. These welds are applied in four different positions: overhead, flat, horizontal, and
vertical. Both the.weld types aryl positions will be discussed fp the following paragraphs.

11) Weld types. , J

la), Bead weld, Usually a bead weld is made by depositing filler metal on an
unbroken 'surface in a single direction. A bead may also be made without any
externally added filler metals by simply forming a molten puddle in the base
metal with a heat source and then moving the heat source in one direction.

1111" Bead welds are used principally on-butt-type joints' and to build up a
surface. The crops section of a bead weld has an oval shape..

(b) Fillet weld. To join two sections that are at right angles to one another
_would require a fillet weld. Triangular in cross section, fillets are used to
weld lap, tee, and corner joints. In addition to the face, toe, and root, a
fillet weld.has two parts with which you shoUld be.familiar:. The legs and
throat. A knowledge of the terminology relating to. fillet welds is necessary
so that you can understand precisely what size fillet weld is required by
specifiCations for agiven job..

(c)Jack weld. This is a short temporary weld deposit made to hold parts in
proper a inement while they are being welded! Size of these welds are usually
not specified, but they must not be more than 1 inch in length and they must
be as small as practicable with the electrode being used., Tack welds must be
incorporated into the final weld. If they are cracked or broken,_they must be
chipped out before final welding.

) Groove weld. This type of weld is made in specially prepared grooves between
two sections to be joined. Most frequently used forbutt joints, it is
designed to provide the'strength require4rWith the minimum Mount of deposited
filler. The section of the groove weldoloffesign depends on the thickness of the
plate being welded and accessibility to the jotnt'being'welded (i.e., access
\to both sides or'only to one side). With few exceptiols, the edges of the
fetal being joined by welding must be specially prepared; particularly for
groove welds-when the metal thkknessexceids 1/4 inch. This preparation
involves beveling r grooving the edges in the joint areal. Figure 2-11

2-9
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illustrates some of the standard groove welds. Joint design details revolve around the size

of the-groove and the space existing between the members ofthe joint. SpeCifications for

joint designs are expressed in terms of bevel angle, groove angle, groove radius, and root
opening. Figure 2-12 depicts these terms.

SQUARE GROOVE WELDS

SINGLE BEVEL GROOVE WELD

SINGLE-VEE GROOVE WELD

DOWELL BEVEL GROOVE WELD

___!......_ i
wubit.., VE

.

.WELD

SINGLEJ GROOVE WELD
GROO?E wELD

--

INGLE .0 GROOVE WELD

p
DOUBLE U GROOVE WELD

Fig 2-11. Standard groove welds.

Fig ''The bevel angle, groove angle, groove radius,
and root opening of joints.

(e) Plug and slot welds (fig 2-13). A plug weld .is a'oircular weld Made through
one member joining that member to another. It can be maderthrough a hole
punched or'cut in the first member, or it cam be made without,punching a hole
in the first,member. It does not necessarily have to te'filled,cdmplqtely
with A filler metal. -Normally plug melds are used to fill holies. The'
similarity between the slot weld_ and plug weld is the elongation of the hole
in the slot weld. Slet welds permit development of required strength where
fillets or butts are not economical.

4
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Fig 2-13. Plug and slot welds.

(1) Welding positions (fig 2-14): Weldirig must be performed in different positions.
In engineer 'or motor transport maintenance facilities, welding ih the flat --
position is not always posSible. The positions for welding are flat, overhead,
vertical, and horizontal. When welding is performed in the flat position, the
welder works from the upper side of the joint. In this position, the upper
surface of the weld is in a plane parallel to the horizon. This is the case in4oth flat-position fillet and groove welds. In the horizontal position, the

---/
members being joined are in a vertical position, while the 'axis othe weld is
horizorital. The face of a groove weld produced in the horizontal position is In a
vertical, plane. .414 horizontal - position fillet weld is slightly different from thatof a groove weld. Welding a fillet in-the horizontal position involves depositing
filler metal on the upper side of a horizontal surface and against an approximate ;

r vertical surface. The face of the weld lies in a plane 450 to the surfaces of
the parts being joined. When welding is performed in the vertical position, the
axis of the weld. is inset vertical ,plane, in both the groove and fillet welds,'theface,of the weld is parallel with the horizon, and in this position the weld Metal
is usually deposited in an upward directton. Welding performed in the overhead
osition Is done from the Ibmderside of the joint. The axis of the weld is the
ame as that' of the flat-position weld. Here too, fhe weld face is parallel with. tothe horizon, but its orIontation is approximately 1800 from the face of a

flat-position weld. %le-terms flat, horizontal, vertical, and overhead adequately
describe the positions in which plates are welded. .

e

T

4.
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AXIS OF WELD

FLAT POSITION

# OF Mtn

FLAT POSITION

AXIS WELD
HORIZONTAL POSITION

Y1RTICAL 'POSITION

-AXIS OF WELD

OVIRNIAD POSITION

AXIS OF
HORIZONTAlPOSITION

AXIS OF WeLD-----..1

AXIS OF WILD

V1RTICAL POSITION

OVIIIINIAO POSITION

Fig 2 -14. Welding positions.,
71'

EXEReISE: Answel the following questions and check your responses against Ihoselisted at
the end of this study unit. n

1. List the three principal partsof a groove and fillet weld.

a.
b.

c.

,r

2. The point of the weld-at which. the bottom intercepts the base metal surface is the

a. raetAf-Vie-4e01,, c. throat of the fillet.

b. face of the vieId. d. leg'of the fillet.

--3. Define fusion zone.

4. The. !exposed surface area of a weld frotoe to toe is the

a. face.
b. root.

P

c. fusion zone.

2-12

4



,tg

Note: Questions 5-7 refer to the diagram below.

14.

5. Which line indicates the actual throat of the weld?

A - B
C -D

c. E -,F

d. G H

6. Which line indicates the size of the weld?

a: A - B. C. E - F
b. C D d. G H

7. Which line indicates. theoretical throat of the weld?

Note:

,,

a. _A B

b. G-- 0-

Questioris 8-9

fr

Fr

C. E F

d. G - F

pertain to the diagram below.

R. The area ,indicated by-line A is known as the
0?

a. face. c. edge.
b. angle. d. Opening.

9. The area indicated by line B is the

a. bevel angle.f c. root face.
b. groove angle. d. groove rack-Ns.

10. To, join two sections at right angles to one another, you would use a
weld.

a. tack

b. plug
c. fillet
d. seamf

114s .11.'4 In welding, overhead, flat, and horizontal are considered to be

a. techniques.
b. positions.

c. methods.'
d. difficulties.

J, 12:. A weld that is made through one member to join the t4t) merits together is
tailed weld.

. t

at fl ash c. spot

, b. 'fillet' d. plug '
,

2-13
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13. Select the correct diagram indicating a horizontal weld.

14. List the five types of welds.

a.

b,

c.

d.

e.

c.

Matching: Retch the five types of joints. iii column 1, (15 - 19), with their correct

uses.

4
Column 1 Column 2

15. 4Butt a. To join two edges of sheet metal

16. Corner b. To Join two plates at a 900 angle to

17. Edge each other
18. Tee c. To join two edges of surfaceg of two

19. Lap plates located approximately in the same

d.

,geometric plane
To join two members located at right
angles to each other

'Ie. To join overlapping plates

Work Unit 2-3. ARC-WELDING ,MACHINE ACCESSORIES

DEFINE PERSONAL PROTECtIVE DEVICES.

LIST THE EIGHT ,TOOLS -BIND EQUIPMENT USED IN ARC-WELDING.

STATE THE BREAKDOWN OF AN ELECTRODE.

S

a. Welding cables. The cables which conduct the welding current from the power Source to
the-weld and then back to the source must have ample'current-carrying capacity, good
insulation, provisions for coupling, flexibility, and durability. A highly, flexible cable is

used between the electrode holder and the welding machine. The ground cable, which connects
the work and the machine, does not-have to be as flexible as the cable attached to the
electrode holder. Two factors determine the size Of-the welding cables selected for use, the
amperage rating of the machine being used and the distance between the work and the machine.

if amperage and distance are increased, the si ;e Of cable must be,increased. A cable which is

too Small in.relation to the amperage being used will become overheated. Likewise, a cable .

too small in relation to the distance involved will not carry sufficient current to the arc
without becoming overheated., On the other hand, cable that is too large is more difficult to

handle. Cables that are suitable for the type of equipment that you are using.are furni hed-,
with that particular type-of machine.' If you have more than one size cable available to ,

the information in figure 2-15 will 'serve'as a guide for proper section,

4
e

44.
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Machine rating Cable lengths
(in amperes)

Up to 50 feet 50 to 100 feet 100 to 250"feet
Size

No.

0. D.
(inch)

Size
No.

0. D.
(inch)

Size

No.

0. D.
(inch)

Up to 150 2 0.604 2 0.604 '2 0.604
200 2 .604 1 .644 2/0 .754
300 0 :694 2/0 .754 4/0 .'159

400 2/0 ,754 3/0 .821 4/0 '.959
600 2/0 .754 4/0 .959 4/0

_ .959

Fig 2-15. Recommended cable sizes.

As a'rule, the shorter the cable length between the work and the machine, the better. It is
-recommended that the maximum length of 4/0 cable for a%40Q- ampere welder be nqt over 150
feet. The longer the cable used, the greater the cable.size required, and 'with the increased
size you lose the ease of handling of the cable. So instead of increasing .the, size of the
cable, move the machine closer,...to,the work.

b. Electrode holder (fig 2-16). This,is essentially -a clamping Ilevi-Ce for holding the
electrodes. It is provided with a hollow insulated handle .through which the welding cables
pass to connect with the cldifip. The advantage of 'this insulated handle is that it can be
touched to any part of the Airk without clanger of a short circuit. The clamping device is
made of an alloy which is a good contiuctor of electricity and durable under high temperatures
and constant use. It is designed to permit the electrode to be held-in any positibn and also
permit easy change of electrodes. Holders are made in a lariety of designs and sizes, each
intended for use within a given range of electrode wire diameters and within a maximum
welding-current amperage. Thus, a larger holder is reqUired for welding with a machine having
'a 400-amp rating rather than a 100-amp unit. If the holder is smaller thAn required for the
particular average, it will overheat. The holder selected should be large enough to do the
job, but not'larger than necessary. You should be able t 'handle it with relative ease.

Fig 2-16. Electrode holders.

1

4

c. Personnel protective devices. The need,for personngl protection arises from the fact
that during a welding process there is intense light, reflected glare, radiated heat, aria
flying particles of hot metal. Any device that protects the welder from these hazards is
important. Consider eyes first. Injury to other parts of the body,may be incapacitating and
Painful, but usually dody tissue is capable of repairing itselfwithout permanent injury. Not
so the eyes. Unfortunately, loss of sight is almost always permanent. For this reason, eye.
protection is of the utmost importance, not only.to the welder, byt to others who may bevig
the vicinity,of the welding operation. The type of eye prttection used depend% on the type
and position of the welding. Rigid-bridge, spectacle-type goggles or eyecup-type goggles with
suitable filter lenses are used during gas-welding operations. When welding is done at or
aboveth6 eye level, only eyecup-type goggles which conform to the-contour of the face should
be worn.' For.arc welding, a welding helmet having a .suitablefiltered necesS'ary.

When these operations are performed in areas where other welding is going On, the.welder,
should wear spectacles with side shields or eyecup goggles beneath the welding helmet to
shield the user from glare and'radiation from adjacent work. A filter lens may be used,

-15
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however, the sum of the filter lens from 'the goggles and the welding helmet should be equal to
the filter lens number that is recommended as being safe. Helmets, hand shields, and goggles
pod for welding are of a nonflammable insulating material. They are fitted with a protective .-

dolor filter and a clear cover glass, the purpose of these is to protect the color lens froM
becoming pitted from flying sparks and weld spatter. The lenses are fitted in such a way as
to provide easy removal and replacement without any tools. These colored lehses are available
in different shades, and the shade number selected depends on the purpose thr which eye
protection is required and somewhat on the reference of the wearer. Remember though, these
lenses serve two pur ses: they reduce th .intensity of-the visible light to a point where
there is no glare, nd they protect these es from harmful infrared and ultraviolet radiations
emitted from the ar or the flame.' Consequently the shade filter selected should not vary
more than two shad from the numbers recommended in figure 2-17. Eye protection for yourself
is essential, but u'also have a responsibility to others. The flashes from the arc are'
liable to cause temporary and painful eye,burns if protection.is t provided. Areas in which
welding is done should he painted flat black to prevent flickering reflections. If possible,
the area should also be enclosed by a booth or screens painted with a nonreflecting color.
Pr6tection of the other parts of'the Body as well as the eyes is. also important during welding
operations. A variety of protective clothing has been designed, is available, and should be
used whenever you are involved in any welding operation.. Eike the eye protectors, the
clothing selected will vary with the nature of the work. During any welding or cutting, you
should wear flameproof gauntlets. For gas welding, you should use the 5-finger glove; for arc
welding, the 1-finger mitten. In common with other leather protective clothing for welders,
gloves are made from split cowhide which has been chrome-tanned. This process ceditinqs the
leather, and makes it more effective against heat and more resistant to heat - deteriorating
effects. Both type's will protect-your hands against heat and.metal spatter. Many light
gas-welding jobs require no,more protection than gloves and goggles., Medium and heavy gas
welding, all, electric-arc welding, and any job in the overhead welding

Shade We. 'operation

Up to 4* ,Stray light from nearby welding and cutting operations and
li' from'electric spot welding,

5, Light gas cutting and welding.
\ 6 6as cutting, medium gas welding, and arc welding qp to 30

.amps.
,

8 Heavy gas welding and arc welding between 30 and 75 amps.
10 w Arc welding between 75 and 200 amps.
12 Arc welding between 200 and 400 amps.
14 Arc welding exceeding 400 amps.

Fig 2-17. Recomended filter lenses for welding operations.

position, require specially designed clothing made of leather or asbestos material to protect
you against radiated heat, splashes of Not metal, or sparks. This clothing consists of
aprons, sleeves, combination sleeves and bib, jackets, and,overalls, which afford a choice of
protection depending on.the_natUre of the welding operation. Sleeves provide satisfactory
protection for welding operations:at floor or bench level,. Cape and sleeves are particularly
suited for overhead welding because the cape protects the [lack of the neck, top of the
shoulders, and upper parts of, the chest and back. Use of the bib in combination with sleeves
and cape gives added.prdtection to the chest and abdomen in cases 'where protection to the back

is not required. The jacket shOuld only be worn when it is necessary toprotect the entire
upper half of the body, such as when welding in close proximity to several other welders.
Aprons and overalls provide' protection to the legs and therefore are suited for welding
operations on the deck. When welding in the overheadsposition, welders should wear leather
caps under their helmets to prevent'head burns. When there is danger from sharp or fall*
objects, hard hats or head protectors attached to for0-part of the helmet should be used. -If
leather protective clothing isnot available, woolenWther than cotton garments should be
used, since wool does not ignite as readily as cotton and affords better protection from the
heat. As with any electrical device, the danger of shock and electrocutidn during arc-welding
operations is always present. Before preventive maintenance or repairs of any nature are
perfonaed'on the welder; the electrical system must be deenergized; also, when the welding
cables are attached to the welder. At no time should welding be performed in damp or wet
areas unless it's an absolute emergency. =Then the operator should be protected from the
ground surface by the use of rubber insulating mats or dry wooden duckboards. When replacing
electrodes. in the electrode holdeh, move the holder far enough away from the material being
welded so that there is no danger of accidentally grounding'the.holder, electrode, and the
work all at the same time while the electrode is in your hand. Generally speaking, all rules
governing the safe handling of electrical apparatus should be practiced and observed atAll
times. Keep.youe.mind on the business at hand; don't he daydreaming about tonight's liberty
run, or jou nay not be making it.

4



.d. Tools and equipment. In addition to welding machines, flexible cables, electrode
holders, and ProteCtive devices, the arc welder also has a need for chipping hammersowirq.-..
brushes, welding tables, backup bars, and other items of equipment to properly start and -

finish a welding operation. As you start to weld, you will notice a-slag deposit appear on

the surface of the weld face. Before you can do any further welding, these depoOts of scale,
oxides, and slag must be removed by using a chipping hammer (fig 2-18) to break the scale and

a wire brush to further clean the weld surface area. In order tohave good, sound, solid
welds it is necessary that the weld area be clean or gas pockets will form in the weld area
and result in inferior weld beads. When welding thin aluminum, and making certain types of
joints, you will find it necessary to use backup bars (fig 2,19). 'These can be either blocks,
strips, or bar; of copper or cast iron. For.welding aluminum, nickel, etc., backup plates are'"

used because these metals become weak ,just 6efore the melting point is reached. These plates

are not only a reinforcing-measure, but act as chill plates in that they dissipate the heat

away from the weld area. Because of ts"good conducting quality, copper is particularly'
effective for use as backup plates. During ant-welding operations, it is necessary that a
good ground coetact be maintained and that the work be as stable as possible.. The use of
C-clamps for clamping the work in position,is very good ror thit. C-clamps4come in various
sizes and should be selected according to the nature of the work.

PASS 2

Fig 2-18. Shipping hammer with attached brush.

STEEL OR
COPPER
BACKUP

60'
PASS 3 ALUMINUM

BACKUP

PASS 2
PASS I

14.

*.KUP
60' PASS 3

aNKEPirah,imam.
411111111

o TO 3f1"-I
7

H

Fig 2.19. Using backup bars to weld aluminum. .of A

s
..

e. Electrodes (fig 2 -20). The bulk of your metal-art welding work will be dooe manualli,

with the shielded metal-arc. The arc develops an intense heat, melting the base metal and. .

forming a molten pool of metal in a localized ,area.. At the same time, the ele rode tip melts .

and metal particles from the tip are carried across the arc into the molten pool). Tile arc and

molten pool are shielded from the oxidizing effect of atmosphere by the decomposition 'Of the

electrode covering. Electrodes suitable for shielded metal-arc welding of all kinds and
thicknesses of metalAillomaremanufactured in a large variety of types and sighs. Some of

theseetectrodes.rOotiire an ac'elding current; others are designed for use with dc. Still

others may be used with either ac or dc welding equipment.. Electrodes are classified by
,.. 4-.
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the rican lding Society (A ) and American Society for Testing Materialsi (ASTM). Each
type,o elect . is clasiiifie by a number which indicates the welding prlsithons to which it

-may be(appliel 1 a Teneral d scription mentioning, the type of covering;current, and
_polrity reco ed. Figure 2-n illustrates the manner in which electrodts are classified
by( the Ameri an Welding Society. To understand these classifications, let us look at-how they
are,a7anged. Take the classification number E6010. The E represents the word electrode.
The firxs _t two numliers:Nin this .case 60, refer to he\tensile strength of the deposited weld
e_tai ih--1,000 pounds per square inch (psi)."-jrt/this\case, the electrode would have a pull

strength of 60,000 psi. The third n bet- represents the positions in which this electrode may
be applied. Number 1 indicates all positions (overhead, flat, vertical, and horizontal).

, Number ,2 'designates a greaterrdstr ction of welding positions ince it can be used only in
the hori ontal fillet and flat Sositionsi Number 3 in cates t electrode can be used only
in the 'f at position. The fourth number in the classifTodcation'system indicates subaroyns, of
which th e are. seven. This digit- Shows some characteristics are as follows:

,---- 0 = Use-dc -current with reverse polarity, except, :that in cases where the la t. two
digits are 20 or 30, e.g., 6C4,20 or 6030, 'either currvit or polarity ma.---- be used.

\.. i - Use ac or dc current with reverse polarity. Gives dbep penet!ation th a high
quality weld. ! at

2 = Use dc current, straight pol arity. or 21C current wily. Gives m iuni penetration
with medium - quality welds. - . - ,,4 ) .

4;-5r 3 - Ac or dc current, either pdlari/y with slight penetration, m ium-quality welds.
4 - Use ac or dc current, medium penetration and a fast rate o metal deposit
5 = Dc current with reverse polarity. Moderate penetration an produces high-gilality.,;

welds. ,. N.
..--' 6 - Ac current, reverse polarity, high-quality welds w a out the same AMI iti es asi'- 's ...._.'

number 5.
--...#

9

-a

''' Covering El ectrode ( CapabTe of pro- 5eneral description
classification Nb during satisfac-
tory welds in

positions shown- --\
,

Light coating E4510_ Fes.), OH, H ,- . Sulokated_ or light-coated elec-
trode for us* in welding.
but sometimes' used or machine" welding. a

E4520b/ IV i 11 ets , F Light-coated electrode for use
loth highspeed machine weld-

s g. May be used for mahual
welding.

Heavy covering E6010c/ F, leral, H . For use only with dc reversed
polarity (electrode- positive).

E6011V, - F, V, OH, H !i . For use .with ac or dc reversed
.

, - polarity (electrode positive).
E6012L/ F, V, OH,'H '. . For use with dc straightpolarity

(electrode 'negative) or ac.
E0613c/ .. F, V, OH, H . For use with ac or dc straight

polarity (electrode negative) on
light-gage metal. ---3

E6020b / H-efillets, F . . For use with dc straight. polarity
(electrode negative) or ac f
horizontal fillet welds and dc
(either pol arity)' or ac for fl at-
position welding., E6030c/ . . F For use with dc (either pal arity)
or ac.

-, Heavy covering 'E7010d/ . - F, V, OH, H . For use only with dc reversed
,-* . . polarity (electrode positive) .

E70.11_ei . . . F, 11, OH, H . For use with ac or dc reversed
polarity (electrode positive).

E7012A/ . . . F, V, OH, H . For use with dc straight polarity
(electrode negative) or ac., _ E7020d/ . .. H-fillets, F . . For, use with dc strai ht polarity
(electrode negati-v or ac for

. horizontal fillet elds and dc
(either polarity) or ac for flat-
position welding,.

"Pig 2 -20. AWS electrode specifications.
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Covering Electrode
rtrretifiCation No

Capable of pro-
during satisfac-
tory welds in
positions shown-

general description

vib
E70304/ . . . For use with dc (either polarity). P.

1 or ac. i
Heavy

(

roating E8010ei . .

. . .

. . F, V, OH, H .-

.

.

.

For use only with dc reversed
polarity (electrode positive). ''t

E8011e1 F, V. OH, H For use with ac or dc reversed
polarity' (electrode positive).

E8012!./ . . F, V, OH, H . . For use with dc straight polarity,
(electtO-de negative) or ac.

E80 Q/ . . . H-filletS% F . . For se with dc straight polarity
(c trode negAtive) or acetor
hor ontal fillet welds affd dc
(either polarity) ac for flit-

! position welding. ...,

E8030e/ .... F. . .-4?.. . For use with dc (either polarity)
or ac.

Heavy covering E9010fi . . . F, V, OH, H . . For use only with dc reversed
polarity (electrode positive).

4 E9011fi F, V, OH, H . . For use with ac or dc reversed -
polarity (electrode positive).

E9012Y F, V, OH, H , . For use with dc straight polarity
(electrode negative),or ac.

. E9020f/ H- fillets, F . . ),For use with dc straight polarity
(electrode negatlyei/Or ac for

,.. horizontal fillet welds and"ac
. (either polarity) or ac for flat-

position Weldin
F Mr use with dc (either polari(y)

g,

or ac.

----,<___Neavy co ing EloOpi(
.

F, V, OH, H . . For use only with dc reversed
polarity (electrode positive).

F,
.

V, OH, H ;2 For ,use with ac or .dc reversed

/' Olarity (eleetrod ositive).

F, V; OH, H . For use with.dc stra ght yolari.t,y'
((electrode negative) or ac.

E10020.2/ . H-fillets, F ,. . For uicwith dc straight polarity
(ele ode negative) i. ac for

horizontal fillet ds and.dc

/1°(either polarity) r ac for flat-
, position welding. __;_,

E10030// F For use/with dc Ceither polarity)
\. .

or ac:'

a/

b/

c/

I
d/

e/

f/

The abbre%;
flat, H -

E45.series
condition.

Eloo1l1/

ElOOl2./

cations, F, H, V, OH, and H-fillets indicate welding positions as follows! F -

horizontal, V - vertical, OH - overhead, H-fillets - horizontal fillets.,

. - Minimum tensile strength of deposited metal 45,000 pii in nonstress-relieved

E60 series. -
condition; 62

E70 series. -
condition.

E80 series. -
condition.

E90 series. -
condition.

E100 series.

condition\

Minimum tensile strength of deposited met 60,000 p IT stress-relieved

,000 psi in nonstress-relieved condition.

Minimum tensile strength of deposited-metal

Minimum tensile strength of deposited metal

-70,000'psi in stress-relieved

80,001Ksi in Stress- reeved

. f 41lor

Minimum tensile strength of depoOted metal 90,000 "psi in stresS4eTid,yed

6

- Minimum tensile strength of deposited metal 100,000 psi stress-reliewd

Fig 2-20. AWS electrode Specifications (continuie
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In general, the materials in the coati g of a shielded-arc electrode determine the polarity and
also control penetration. E6010 give greater 'penetration than does E6012 under identical
conditions, This, does not mean that rester penetration is obtained with reverse polarity; it
merely means that coatings of the typ d on E6010 class usually result in electrodes that

--give greater penetration. Electrodes operating on either polarity usually melt at a higher
rate when the electrodkpenegative (straight polarity). Therefore, a higher travel speed is
ordinarily employed, r ulting in less penetration. Ordinarily, knowing that a straight
polarity electrode gives less penetration is sufficient.

(1) All-poition electrodes. There are two subtypes under this group: reverse-
polarity'all-posiabn electrodes, and straight-polarity all-position electrodes.
The reverse-polarity shielded-arc electrodes have a coating of appreciable
thickness which is comprised essentially of cellulosic materials (wood, flour,
etc.) The straight-polarity all-position electrodes also have an appreciable
coating thickness, but the coating in this instance is made up of cellulosic and
mineral materials. The lesser coating thickness, together with-the arc action
created by these materials, makes it possible to weld in the flat, horizontal,
vertical, and overhead positions with electrodes of diameters up to and including
3/16 inch.

(a) E6010 all-position, direct-current, reverse-polarity electrode. The [6010 all-
.position, dc, reverse- polarity electrode is tile best adapted of the shielded-
arc types for vertical and overhead welding. It is, therefore, the most
extensively used electrode for the welding of steel structures which cannot be
positioned and which require considerable welding in the vertical and overhead
positions. The quality of the weld metal is of a high order and the
specifications for this classification are correspondingly rigid. Electrodes
of this type are unable only with direct current on reverse polarity (electrode
positive). The essential operating characteristics of the electrode as follows:

Strong and penetrating arc enabling penetration beyond the root of the butts
or fillet joint.

Quickly solidifying weld metal enabling the deposition of welds without
eicessive convexity and undercutting.

'Low quantity of slag with low-melting and low-density characteristics so as
not to interfere or become entrapped when oscillating and whipping
techniques are used.

Adequate gaseous atmosphere to protect molten metal during welding.

(o) E6011 all-position, alternating-currea electrode. The f6011 all-position; ac
electrode is intenddd to have similar operating characteristics and to be used
for similar welding applications as [6010, but with ac.

(c) E6012/a11-position, direct-current, straight-polaritytectrode. The E6012
type electrode is "Often referred. to as a npodr fitup electrode" because of i4
ability to bridge wide gaps in joints. It.is-particularly well adapted for v
single-layer welding or horizontal fillets. This type is very extensively used
in steel fabrication because it offers economy due to ease of use and high
welding speeds. The usual operating characteristics.of this type of electrode
are listed below: .7

Suitable for use with dc with either straight (electrode:negative) or
reverse (electrode pOsitive) polarity, and with ac. Straight polarity is
preferred because of a more direct and stable arc,

A

Adequate penetration in order to reach the root of fillet and other joints,
but not as 46ep a penetration as with E6010, in order to enable the filling
of wide gaps without burning through. The small diameters, such as 3/32
and 1/8 inch, are especially adapted for sheet-metal welding without
tendenCy to burn through the sheets.

The slag'is more abundant and covers more of 'the pool thin those of E6010
types, but it is not as abundant or as fluid as those of E6020 and E6030 "

types: The slag solidifies very rapidly just below the freezing point of
t")metal and is generally dense and close fitting to the deposit.

64
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The molten diktal may be considered slightly More fluid than that of the
'E6010 type, but not to the extent that this electrode cannot,be used in

' allzposition welding. The molten metal and slag characteristics control
the shape of the weld deposit and make the electrode especially suitable
for horizontal fillet welding, produriftg flat or slightly convex beads
without undercutting. Many of the electrodes of this type are suitable for

.

vertical welding in theliownward direction, although for some purposes, the
penetration and throat thickness are insufficient. In'verticarwelliing.in
the upward direction, small welds are lore convex with wider spaced ripples

\ than with the E6010 electrodes. 1

(d) E6013 all - position alternating-current electrodes. The E6013 type 61' 4
electrode is intended to be similar to E6012 type,/but with improved arc
characteristics with ac. These improvements are necessitated by the fact ttqt
many types of ac machines have awelatively low open-circuit vOltage and demand
easily ionized coating materials inthe electrode for satisfactory operation.
The applications for this electrode are the sameas for E6012.

(2) Flat-position electrodes. Electrodes of this type are covered by'classificatio s

E6020 and £6030. These electrodes usually have a-very heavy mineral coating'
consisting principallx of.metallic oxides, asbestos, clay, or silicateS.. 'These
electrodes depend upon the slag for the shiOding action, They are used with high
currents, and the molten metal is very field. This combination of extreme fluidity
of the molten metal, together with the large amount of slag, makes, it practically
impossible to weld vertically awl overhead with these electrodes.

(a) E6020'horizontal fillets and flat positions,. direct dr alternating current.
.

The E6020 electrode is designed for the production of-frif or concave surface
fillet welds in the flat or Worizontil Positions, with either dc or ac, This
electrode has numerous applications where very high quality weld.metal is'
required and where work is positioned, such as in the fabricatiOn of,pressure..,
vessels, machine bases, gun mounts, and similar structures. The essential.
operating characteristics are as follows:

Usable with eitheroc or de. It is mainly used with ac but when used with
dc, straight polarity is preferred, especially for the welding of
horizontal fillets.

The main requirement of the electrode is to produce horizontal4fillets of
flat or'concave surface without undercutting., This necessitates that the
molten metal and slag be comparatively fluid, that the metal be
quick-freezing, and that the slag continuously cover the back portion of
the pool and actually wet the molten metal.

Slags of this type. are not quick- freezing, but remain as a plastic glass
for some time after the molten metal has solidified. The slag and meta.'

',,are both too fluid to permit general welding in vertical or overhead
positions.

While specifically'designed to meet horizontal fillet welding requir nts,
the electrode is also adapted to the welding of butt or other flat-position
joints.

The physical properties of welds are of a very high order, especially in
elongation. Radiographs show that properly made welds are practically'
perfect.

(b) E6030 flat-position, direct orlialterriating current. The E6030 type overlaps
with E6020, but particular attention is given to its use in butt welds. It

differs from E6020 in that it produces a smaller amount of slag and a less '

fluid slag and a less fluid slag, thus decreasing the possibility of slag
interference and deep grooves. It. is not as suitable for horizontal fillet
welding due to insufficient slag coverage of the molten pool. Electrodes of
this-type are used in flat-position welding,of pressure vessels and.numerous
other objedt. It is necessary that the weld deposit meet the hest
standards of X-ray and physical property requirements. Essenti operating'
characteristics are listed below:

This electrode is adaptable for Use in narrow- or wide-groove butt joints,
providing adequate slag coverage for weld shape and protection, but not
slag interference wittthe arc.
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Slag must wet metal surface and produce a concave weld withintthecdplines
of the groove.

The slags are porous and, therefore, are very easy to remove. They have a
hardening range extending considerably below the freezing point of the

steel deposit.
k

(3) Electrode classification by bead shape.. Mechanies will arc-weld various types of
steel more often than the nonferrous metals. Therefore, the following method of
classifying electrodes for steel welding should prove very useful. The

classification is based on the shape of the bead which is obtained wi4n arc-weldiR9
with a particular electrode.

,

(11,Flathead type (class f6010). The E6010
. flathead type maybe classified as a gen-

eral-purpose electrode because it is used
for a wide variety of work, and i ses-ts"
-ses high herage physical chaeacte s

It has_a heavy coating and ts.bestsited
for direct current with electrode positive.

-In smaller sizes (3/321m. and smaller) the
E6030 is suitable: for use in ail. positions.

, -The 3/16-4n. size is specially made for all
positions: It ,is suitable fortfillets, deep
grooves, and all tYpes'of joints in all
sizes. , ii:i has deep' penetration qualities 40

and is uttdvery satisfactorily on square'.
butt joints ,where the electrode) actually

. scarf,or melt timattes. It'producefa ,

rather-flatteaallIPPneral type as shown' in
,figure 2-21. N

(b) Convex-bead type (class E6012). The
class E6012 convex-bead,type of elec-
trode hasa heavy covering-and gives
best results with di-rect current with
the,electrode negative, or it may be
used ,satisfactorily with alternating,
current. Sizes 3/32 in), and smaller .

are sortable for all positiOns, al-
though 3/16 in. often it used in all
positions,,and in larger sizes for
welding in- -flat positions. It may be
used for fillet welding, single, or ,

multiple pass, and it can be used for
'butt welds of the V- or U- groove

type. Aecause of its disposition
characteristics and-ability to build
up0t is frequently used where fitup
is poor'dr where a small admixture-of
base metal is desired. It produces an
exceptionally smooth bead,which is
'sonietihat convex as indicatedoin figure

2-22.

V

Fig 2-21. Flat bead produced by
, class E6010 electrode.

';
4tP

iii

Fig 2-22. Smooth, convex bead prOduCed
by class E6012 electrode. .

2-22

o.



I

;If) -

(c) Concave-bead type (class E6030). The
..4onCave-bead type of electrode heo a
heavy covering and can be used with
direct current and with the electrode
either pos'ttive or negative, or it can
be used with alternating ctIrrent. It

is used in the flat position only, and
it is Sot suitable for vertical or
over-lead work. This type is used for
fillets or butt joints of the V- or U-
groove type. It flows v,er,y

producing a heavy slag cover on the
weld. It is sometimes known as the
"hot-rod" type. It produces a very
smooth bead, slightly concave, as shown
'in figure 2-23 when welded in grooves
or position fillets, but not so concave
when fillets horizontal.

Fig 2-23: Smooth,' concave bead
produced by classes E6020
and E6030.

EXRCISE: An'swer the following questions and, check your responses with those listed at the
end of.this study unit.

1 Select the two factors used to determine the size of wielding cables to be used
wh4le,welding.

a. Type of metal and the voltage used
Amper49e rating of the welder sand distance from the work

c. Distanae from the work and,voltage output
& Type of metal welded and type of electrode used

2. Define "Personal Protective Devides".

, It
3. The clear cover ss in a welding helmet is used 'e

I
,,,

.

a. protect the es from sparks.
b. filter light rays.-
c. protect the colored lens.
d. improve-vision duing welding.

4. If you must weld and appropriate protective clothing-is not available, the next
-

safest clothing to wear is

a. cotton.,
b.'- silk. A. wool.

;"
5. An area, which is utilized -for arc welding, should be,3painted

a. Marine Corps green. , c. flat black.
b. flat °Ike drab. camouflage.

7r, .,

6. When you are wellOng with an amperage rate of )50, you should use a number
shaded lens. ,

c. rayon. ,

a. '5
. 8/

b. 6 -0:. 10

7. The polafity to be used with a specific type of electrode is determined by the

a. type of welding' machine bein§ used.
b. size of the electrode.
c. manufacture of the electrode.
d. electrode coating.
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li. An E6012 electrode produces a shaped bead.

a. -flit c. convex
b. concave d. round

9. The electrode, which is preferred for filling wide gaps in a joint, is

a. E6 10. ),)

b. E601s.,_
c. E6012.
d, E6013.

10. The purpose of thoroughly cleaning the area to be welded is

a. so the welder can seethe joint.
b. to prevent gas pockets from forming.
c. to justify the amount of time it takes to complete a'job.
d. to assist in painting after the welding is completed.

11. State (or.lbreak-sown) the 's digit number which appears on an electrode.

a.

b.

c.

d.
, #

12. List'the nine items*of tools and equipment that are used in arc-welding.

a.

b.

c.

d.

Work Unit 2-4. ARC-WELDING MACHINES

IDENTIFY THE TWO TYPES OF ARC WELDING MACHINES.
. ......

----,.,

MA 'CH THE PURPOSE OF THE GAUGES AND coRot5 ON THE LM-62 WELDER WITH THEIR NAMES.

In this major category of welding equipment, there are two broad types of machines,
those that use direct current (dc), and,t6se that use alternating current (ac): Direct
current, as you rec'all (from para 27,11: refers to a steady flow or stream of electrons in one
direction. Alternating currentomf the other hand, refers to a 2-way flow of electrons, first
in one direction and then in thd',other. Arc-welding equipment differs not only asto ac or
dc, but in a number of otherNays. For example, a given piece of equipment may be stationary
or portable, single or multiple-operator, motor-generator, gasoline or,diesel engine-driven, a
resistor unit, or,a transformer-type Infit. In addition, the several types also vary in their
heat output, that-is, the number of amperes they deliver at applicable arc voltages.
Regardless of the type of unit, the current source must be sufficient to strike and hold a
stable arc suitable for welding.. The current is obtained principally from one of.the sources,
discussed below.

'

a. ttirect- current welders. The first source -of current is obtained from an existing dc
power source"uted in conjunction with resistors to reducethe voltage and current to the
amount required for welding (fig 4;41.1 This source -le used with a line-resistor unit as a
part of the welding system. 1his ibufte must not exceed 120 volts. A greater voltage
constitutes'a hazard to the operator. A second power source is a dc enerator with variable
voltagk characteristics;. that is, the generator is so designed that avers a voltage high
enough to establish the arc and'then reduces this voltage as required to ma titin the arc
dding welding. A third source for welding ,current is a rectifier which cony its an ac
powered source to a lc welding current, This source does not depend on rotating parts to
provide a suitable current for welding. Direct- .current welders have the advantage of being
suitable for use on all metals. They produce very satisfactofYresults on the material'which
requires low-current settings. The machine that is most commonly used is the motor-generator
type operated by a constant -speed governed diesel. engine mounted on a trailer-type chassis.
Some machines have a switch for changing polarity. Others require that you reverse the
welding cables to change polarity. A pushbutton switch lecated on tht control panel permits
easy stopping and starting. A voltmeter and ammeter or a combination of both permits the
operator to set the machine at a prescribed output. Current ratings represent the amount of
current that the machine will generate continuously for 1 hour without exceeding a specified
temperature rise.

2-24
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Fig 2-24: Connection. of line- resistor welders to a 115- volt,-
2 wire dt.stribution boardreverse-polarity,

kt

4

(1) Model LM-62 welding set, arc,,trailer-mountetrifig 2-25). This is the welding setpresently in use by 'the Marine Corps. It is a diesel-engine-driven, self-contained direct current welder ilhich consists of arc - welding equipment, but italso provisions for gas - welding and cutting torches.. The welder is' totallyenclosed a sheet-metal tiOusing mounted directly on a modified M24iV1 trailer.Hinged doors provide access to the engine, gas-welding
equipment, and the. variousengine and arc-welding controls and indicators. In front of the encitAure'are

provisions for three gas cylinders: one oxygen, one, acetylene, and br)e 'argon.The oxygen and acetylene gas are for the gas-welding and cutting torckes. The.
argon gas, is used in conjunction with the sigmette unit for inert,gas aluminumwelding. -

4

(a)

h

it

Aligala

0

Fig 2-25. 'Arc- welding set, mod M...62.

s.

'Theory of.operation. The engine is a GM D,troii. diesel model 2913.2-cycle, .water-cooled engine. It is directly coupled ,to .the dc generator. The weldinggenerator, with its attached exciter; converts mechanical energy to electricalenergy. The exciter is a heavy-duty,.seltexcited, shunt-wound dc generatorwhich provides a nominal 115-volt dc excitation voltage,for the.weldinggenerator. The exciter also provides 115-wol dc power to operate smallbandtools and ligbts ,connected to the utility outlets on the *control panel;owever, if the voltage required is critical, the output voltage shobld bemeasured at the utility outlet and the engine speed shquld be set at thedesired vol tage. The- vol tage, range provided ,witt).the operating range- of theengine can damage many small electrical tools or accessories. The exciter israted at 5 kw (kilowattsr The power for the main generator field is
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controlled by the ,fop selector (voltage controlj,rheostat. The voltage control rheostat and

the polarity.switOkbetermine the polarity and voltae level of the fixed field of the Main

4.. generator. The main generator has three fields. -The first is excited at d fixed level from

the exiter as described above. The second is a cries field _which ts excited by the welding

current so that the more current drawn by the arc, the higher will btthe excitation in order

to sustain the current at-the.desired level. The third field is a shunt field which bucks or

tends to cancel the.effort, of the seriesor -Serried field. Thi currentin the Ant field is

controlled by the setting of the turrentzcontrol reactor. Witn the current Eontrol,set for

maximum `current output, the shunt fier&would receive ery little current to buck the series

field, and current output would be maximum, rfthe current control is set for minimum output,

the shunt field receives maximum culTent,-cancelinpthe effect of the series field and

.redbcJng the current qutptit to minimum. The generator- 1,91 rated 300 amperes at 40 volts with a

duty cycle of 60 cpi (cycles per second), and the current range is from 60 to 375 amperes(4

(b) Controls and instruments. This su ragraph describes, locates, and

illustrates tneiia-rfous controls-4nd 'instruments of the welding sap.

I. Engine controls Mg 2-26). The engine control panel is located in the

aft section of the instrument panel. The controls and instruments

reouired,for the proper operatiod of the engine are described below.

XmMtitt,

rtki

q6 4

IrriORK

*19_ fir,

nit P040111
1.441: Viittok

Fig 2-26, Engine controls.

a. Hour meter.. Located at the top oenter of the-engine instrument

panel. Vindicates total hours of engine -operation.

- b. 'Fuel a .
Located at the top right of the instrument panel. ,It

n icates the quality of diesel fuel remaining in the tank.

Battle switch. Located at the center right of the i4

i

trument panel.

his switch disconnects all safely,,icuits to the e ine.

d. Water temperature gage. Located at the bottom right of-the instrument

pane 1' 'It indicates the engine coolant temperature. -_

,.,,,., a
.

.

e. Oil-preSsure gage. 'Located at the bottom left of the panel. It

Indicates engine
.
lubricating,oil pressure. . _

. f. Starter button. Located at the center left of,the engine control

panel: It energizes the.starting motor to crank the engine.

2.- Battery-charging ammeter. This indicator is-located at*the top left

.
. of the engine control panel. It indicates'the charging or discharging

rate of-the battery.
.

.
.

.
.

h. Panel light'switch. Located,on.a separate panel directly below the

engine control par44: ,It turns on panel lights-to illuminate controls

.. and instruments. ,, ,.
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2. 'Welding generator controls and instruments (fig 2-27). The welding
generator controls and instruments are Tocated on the forward section of
the control panel. The contrqls for the proper operation of the welding
generator are described below

C \

?
Ort",4"y

1,4

-
4n:77

171.t

V" t'sY,A474 i "*,t,

Fig 2-27. Welding generator controls-and instruments.

a. Current control. The current control is located at the top of the
generator panel. Its purpose is to vary the,current output of the
welding generator.

b. Voltage control (Job sector). Located at the top center of the
generator control panel, the voltage control varies the exciter
voltage of the welding generator.

c. Polarity switch. Located in the center of the generator control
panel, this switch controls the polarity of the electrode. Electrode
polarity may be switched from positive &o negative as required.

d. Utility outlets. Located at the bottqt left of the generator control
panel, the utility outlets supply voltage for small tools and
accessories. ,

e. Sigmette outlets. Located at the bottom left of the generator control
panel. The-sigmette outlets permit the welding of aluminum or
mall -gage metal.

f. Welding selector switch. Located in the center tf the generator
control panel, this switch permits the selection of the output
'terminals of the welding generator or sigmette outlet.

Welding generator terminals. The welding terminals are located on the
bottom of the generator panel. The electrode holder and work cables
are attached here to obt welding current.

(c) Operation. Prior to operation.of the, model LM -62 welding set, or any
equipment for that matter, a complete inspection ofithe unit must be madeAo
insure safe and oontipuous operation. Most of thiS' is by the "eyeball"
method,- The following services must be performed prior to-operation.

1. Remove the radiator cap and fill the radiator and cooling system with_
fresh clean. water. If freezing weather is anticipated, the system must be
protected. Add sufficient antifreeze to lower the freezing point of the
coolant to the lowest expected temperatu0e. Remove -the,oil filler cap and
fill crankcase to the full mark on the dipstick with the appropriate

Ak quality and grade of lubricating oil. Remove and disassemble the air
cleaner. Make sure it is clean and fill the oil cup to the level
indicated, using the samedgrade of oil as used in the crankcase. Remove.
the fuel tank hap and fillthe tank with diesel oil conforming to Federal
Specification VV -F -86? :-- Replace fuel cap securely. Fill the batteries
with-the electrolyte provided. The correct leve] of the electrolyte is

2-27
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3/8 to 1/2 inch above the plates. Do not overfill. If the batteries

contain electrolyte, check the level and add distilled water to the

required level. After these initial steps have been completed, a complete
inspection of the entfre welding set should be made to insure that all

components are securely mounted and all connections are tight. Check the

following prior to.operating and when securing equipment engine electrical

system; engine controls and indicators; gederator and exciter controls;
terminals, leads, commutators,. and brushes; engine head, block, and

accessories; trailer, paying particular attention to tiresand wheels;

A on-equipment toolk and eqbipment; and accessory equipment. Report any

damage or missing equipment to the proper authority. Now the welding

machine is ready to be operated, but there is still a consideration prior

to the actual operation, for example, the operating site. The following

recommendations and precautions should he considered in selecting a site.

2. Indoor installation. When indoor welding operations are required, make

sure 4hat adequate ventilation is provided. A flexible metal hose should

be used to conduct the exhaust gAses to the outside. Locate the welder so

that the exhaust line is as short as possible. Avoid locations having

water-soaked floors.

3. .Outdoor installation, When the welder is to be operated outdoors, see
..._

that the location is on firm ground and that some protection is prolOded
from inclement weather. When the welder must be left outdoors overnight,
cover it entirely with a tarpaulin securely lashed in place. Position the

welder as close toithe work_.as possible so that short cables can be used.
The welder can be/operated in inclement weather without any special

protection, but q4ke advantage of. any natural protection that exists. If

an appreciable yidd is blowing, face the engine radiator to the wind, and.

chock de wheels.
.

4. Operati r,under normal conditions. Now that the machine is set up to

weld, stin. the engine and warm up the welder. Follow the.next eight

steps.to.start the welding machine,

1st, Place manual lever on the governor in the IDLE detent.

2d. Turn the battle,switch to ON. This electrically activates the engine

meters.

3d. Depress the starter bottOn and crank engine until it starts. Do not

use the starter motor for more than-30 seconds at a time without

allowing 2 minutes foethe motor to cool between starts.

4th. Open the radiator shutter doors.

50. After the engine has run for approximately 10 to 20 seconds, check
the oil-pressure gage,. If it shows no oil pressure at the end of 30
seconds, stop the 'engine by placing the manual-lever On the governor

in the STOP position. Locate the source of trouble before restarting '

the engine.
s

VINN W

6th. ,et0A11 instrument gages to determ1tne if they are functioning

rrectly. If there is any indication from any gage that a
omponentsystem is not operating correctly, shut down the machine

rland find out why. Check for .any oily water, or fuel leaks.

7th. Observe engine operation for smoothness, quietness, and exhaust
,condition_ -

8th. -Wore starting to weld, advance the manual lever on the governor to
RUN.

Selection of the proper voltage and current depends on the size of the
electrode, the thickness and position of the stock being welded, and the
skill band exierience of the welder. Selection of the proper electode an
welding procesi depends on the type of metal being weldeq. , Figures 2728
and 2-29 give-welding information for Various biSe metals and alloys,

.010 2-28
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Tlea75de
diameter

in.)

minimum
Amperes

MIIXIMUM
".Length

in .)

1/16 40 1 BO 1I -1/2
3/32 70 -90 14, or 1840,0

_1/8 110 135 .14 or 18
5/32 150 180 14 or 1-8
3/15 180 220 14 or 18
1/4 250 . - 300 14 or 18
5/16 300 425 ' 14 or'18
3/8 450 550 fA or 18

f
A

Fig 2-28. Current-setting range for bare and Tightly coated electrodes.

Electrocie Mineral coated Cellulose coated
used

.
_

ze Flat position Vertical and. Flat position , Vertical#.

d eter (amperes) overhead (amperes) overhead
Jib.) .

.001tions positions
. (amperes) (amperes),

3/32
1/8

5/32 .

3/1
1/4

5/16
3/8

14-

60 , 60
120 110 130 . 110
150 i' 140 160 140
175 160 200 160
230 --- 300
125 400
425 500

r
Fig 2729'. Current setting used with mineral and cellulose coated electrodes.

v.

The best way for'an'o6eeator to become.familiar with the operation of the--J
interacting controls is to weld sample beads on various scraps of metals

.

with different combinations of control settings and different.eleCtrodes.
'Start the engine and let it warm up. Turn the polarity-reversing switch
to OFF. With the handle in this. position, the exciter is disconnected'

-7------..
from the welding geneator and there is no output from the welding

.'"vgenerator. Connect welding cables to output terminals and thedground
clamp to a piece Of scrap metal of a type listed in figure 2-30. Obtain
the-type of material of electrode, shown in figure 2-30. Obtain the ,type
and material of electrode shown in figure 2-30 opposite the type d' metal
selected, ,and. place it in the electrode- holder,,.- turn the voltage control
totbe center of the, sector marked Normal Welling Range. The voltage
control is divided i t,o four colored sections. The yellow section marked
Large Electrodes,gjet,a high open-circuit voltage and is used chiefly for
large electrodes. The bt k section marked Normal Weld* Range gives a
medium-high op i 'irtle tage-and tsgenerally used on positioned work
for some of the r

'
size electrodes or where spoor fitting exists on$ overhead or vert e,wmof.eldinv The red section marked Overhead and

Vertical provides'. 1W1011404 open,-circuit voltage to give sufficient
punch to the arc to411"%crtheltpetal across the arc gap and give greater
penetratiotr77-0 is Attifig mOy also be used for some of the smaller size
electrodes.J0Th section marked Special Applications, provides a.sfill
lower open-circu t voltage and is used for special jobs requiring the
smallest size electrodes And very low-current values. At the present
time, the Marine Corps is modifying all model- LM-62's with a 75-ohm
resistor for low amperage control for welding thin-skin metals,-suc
aluminum alloys. Set the current control to the setting obtained f

110 current control is calibrated directly in amperes. The plate. n this

figure 2 -28 or 2-29 and based on .the type and size of electrode e

- xontrol has three arrows--yellow, black, and red---which correspond to the
Ahree colored sections of the voltage control. When the voltage control

2-29
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Is set in the yellow section
Ib-
of the dial, the approximate welding' urrent

will be irldicated, by the yellow arrow of the current control. The/ same is

true of the black and red arrows of the current' control when the voltage

control is set on those sections of the voltage control dial.

When, the engine coolant,temperature has reached the operating range, turn

the pglarity switch_ to the positign recommended in figure 2-10 for the

type of metal being welded. Use electrodes negative position for straight

polarity,.and electrode,positive position for,reverse polarity. Weld a

sample 404d. break the arc, then turn the voltage control to the center of

OVerhead and Vertical position. Notice the difference in the bead. Use

different current settings: different metals, and different electrodes.
In that way you can improve your skill and also gain welding experience.

Base metal or alloy Welding Polar y._ QT gelding electrode Type Preheating

process 8/ material. deg F

ALUMINUM AND ALUMINUM ALLOYS

1. Pure aluminum (25) MAW . Reverse -'Pure-..afumioum or - Shielded- 500 to 8d0

95% aluminum arc

5% silicon

CAW Straight ! Pure altiminum or Flux- 500 to 800

95%' aluminum coated

5% silicon

Aluminum al'loys MAW Reverse

(geneeal)

yr CAW Straight

.Aluminum manga- MAW Reverse

nese- alloy (3s)

. CAW' Straight

.,'

. ., ,--

4. Atuminum-magne- MAW . 4. Reverse 95% aluminum Shielded- 500 to 800

slum- chromium 5% silicon arc

-alloy (52s)
I

95% aluminum
5% silicon

Shielded- 500 to,800
arc

95% Flux-

5% silicon coated

95% aluminum Shielded- 500 to 800 .

5% silicon arc

95% aluminum Flax-

5% silicon coated
500 to 800

CAW Straight 95% aluminum Flux- 500 to 800

5% silicon, coated

5. Aluminum-m.411e- MAW Reverse

sium-manganese
.alloy (4s)

CAW

6. Aluminum-silicon-. MAW

thagnesium alloys

(51S) (53S).

Muminum-copper
mangnese alloys
Duraluminum (17S)
(24S)

8. °Aluminum clad

Fig 2-30 . Welding process and electrode selection for various base metals and alloys.

95% aluminum
'41% silicbn

Shielded- 500 to 800
arc

Straight 95% aluminum Flux- 500 to '800

5% silicon coated

Reverse 95% aluminum Shielded- Up to 400

5% sil4con arc -

CAW . Straight - 95% aluminum Flux- Up to 400

5% sili4on coated

Arc welding not recommended.

Arc welding not recommended.



Base metal or alloy

1

17

11.1 ng 0 at y_
process a/ material

ng -e ec ro e We
deg F

re ea n

.._ar Welding process:
CAB - carbon--arc brazing
CAW - carbon -arc welding
MAB metal-arc braling.'
MAW - metalcarc welding

/ ./,---'

br Straight polarity - electrode negat. il

CARBON STEELS

1. Low-carbon (up to gAW
0.30% C)

t

MAW

CAW

MAB

2. Medium-carbon MAW
(0.30% to 0.50% C)

3. High- carbon

MAW:

reverse polarity - electrode positive.

'Straight

Reverse

Straight

ReVerse

Rev erg.

1

Mild steel

Mild steel.

Mild steel.

Bronze

25 20 or modified
-8 stainless

steel.

s# eel

2-429 mOdified
.,cr. '48,8 stainless

''Reverse

':MAW

-t

4. Tool steel (0.80% MAW;
to 1.5% C)

MAW

Reverse

Reverse

Reverse.

Mild steel or
high-strength

25-20 or modifii
18-8 stainless
steel

Mild steel &
high-streng

Bare or
light -

coated

Shielded-
arC

Use a
fluff

arc

III lded-
arc..

Up tp 300

V

tip to 300

blip to 300

Up to 300

390 to 500

-/Shielded- 300 to 500
arc

arc),
500 to 800
Stress-re-
1 ieve by

heating
1,00 to
1,450 for 1
hour per
inch of
thickness
and cool

slowly.

Shielded- 500 to 800
arc_

.Shielded- Up to 800
arc

Shielded-
arc

Fig 2-30: Welding process and electrode selection for various
base metals and alloys -- continued.
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Baseiretal or lloy Melding Polarity Welding electrode Type Preheating

process- material deg F

CAST IRONS

1. Gray cast iron, MAW Reverse Monel, 18-8 stain- Shielded- 700 to 800

machinable welds .
less steel or mild arc

stet].
-,,

' . r

2. 6ay casy
.

iron,, MAW Straight Cast iron Shielded- 1100 to 800

nonmachi able
arc

welds.
r

MAB Reverse Bronze Shielded- Up to 500

-arc

CAB Straight Bronze 'ShioldeO-*Up to 500
,

arc
#400

3. Malleable iron, MAW Reverse * Monel 18-8 stain- .Shielded- 700 to 800

machinable
less steel or mild arc Anneal-weld

steel
- .

4. Malleable iron, MAW Straight Cast iron

nohmachinable
welds

MAR Reverse Bronze A
elded- Up to

.

5. All east iron

ELS

Shielded- '700 to800'D
arc

CAB Straight

\

Same as gray
cast iron

Bronze Shielded- Up to 500

,
er

Plain carbon-(up MAW ' - Re4Prse Mild sten- Shie1461- 200,,
,

to 25% C)-
arc,/

MAB Reverse
40

...,
,

-2. High manganese MAW - Reverse

(12% Min))

Bronze Shielded- 200

arc

Weld vAth 25-20 Shielded- no

stainless steel arc

and surface with
nickel manganese

3. Other alloys MAW ReverSe Mild steel Shielded-

'
arc

COPPER AND COPPER441.pYS - .
., .

'........

1. Deoxidized capper MAW Reverse Deoxidized copper; Shielded- 500 to ao

, phosphor bronze, arc

or silicon copper
.k

CAW Straight . Deoxidized toper, Shielded- 500 64!8,00

phosphor bronze, arc

.
or silicon copper . 4r .

2. Commercial MAW Reverse Phosphor bronze Shielad- *200 to 0300:' '4'

bronze and low, --
or silicon copper arc

brass 4 0 I -4t 4
. k

I- ,

Fig 2-30. Welding process and eleetnpde.selection 'for various

bate metals and alloys--continued., '

-0 -

.%

*ID
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Base metal -6i- alloy Welding Solari
process .

Welding electrode
material

CAST STEELS--contd

( 3.

/in yet-k

A 0

Cel Straight

'444

alty, CAW Straight

4. Muntzineta ,

bronze, naval
manganese bronze

5. Nickel

CAW

$IAW

6. Phosphor bronze MAW

01
CAW

7. Aluminum bronze MAW

CAW

.40

8. Beryllium copper CAI

IRON

I. Wrought iron MAW .

it CAW

MAB

2. Low-carbon iron MAW

LOW-ALLOY HIGH-TENSILE STEELS

Type Preheating
deg F

Phosphor bronze
or silicon copper

Phosphor bronze

Straight -.. 'phosphor bronze

Reverse

Reverse

Straight

Reverse

Straight

Straight

Reverse

High nickel alloy,
phosphor bronze,
or silicon copper

Phtisphor bronze

Phosphor bronze

Alluminun bronze
oV phosphor

Aluminum bronze
or phosphor bro4ze

Beryllium copper'

Mild steel

Straight Mild steel

Bnpni4r/

1,

Reverse,

Reverse Mild steel

Use a
flux

Use
flux

Use a
flux

200 to 300

200 to 300

300 to 300

Shielded- 300 to 500
arc

Shielded- 200 to 300
arc

Use a 200 to 300
flux

Shielded- 200 to 300
art

Use a 200 to 300
flux

(optional)

Use a
flux

(optional)

41.40 to 800

Shielded- No
arch

US'e a No
flux

Shielded- No
arc

Shielded- 40
arc

\

1. General MAW Reverse Same as base ~Shielded- Yes
metal or high- are
strength or mild
steel.; or 25-20.

stainless steel

2. Nickel alloy steel MAW Reverse 'Nickel alloy or Shielded- No
(3-3.5% Ni) (Up to
0.25% C) (More
than 0,25% C)

25 -20 stainless arc Slow cool
steel

MAW Reverse Nickel-alloy or %Shielded- .300 to 600
25-20 stainless arc
steel

Fig 2-30... Wg)ding process and electrode selection for various'
base metals and alloys--continued.
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Rase metal- or alloy Welding

Process

Polarity Welding electrode Type

material

Preheating
deg F

IRON--contd

3. Nickel copper tail
steels

4, Manganese molyb- MAW
denum alloy steels

5. Carbon molybdenum ,MAW

alloy steels
(0.10% C to 0.20%

C)

(0.20% to 0.30% C) MAW

6. Nickel chromium MAW

alloy' steels. (1 %-

3.5% Ni) (Up to
0.20% C)-

(0.20% to 0.55% MAW

C)

(High alloy,
. content)

MAW

7. Chrome-molyb- MAW

denum alloy steels

CAW

8. 'Chromium alloy . MAW

.(:

9. Chromium vane- MAW

ilium alloy steels

10. Manganese alloy
steels (1.6%
1.9% Mn)

m)?

4 NICKEL. AND NICKEL ALLOY§

1. Nickel MAW

CAW

2. Monel (67% Ni- MAW

29% Cu)

CAW

RAwerse

Reverse

Straight
or
Reverse

Straight
or Reverse

Reverse-

Reverse

Reverse

Straight or
Reverse .\

Straight

Reverse

Reverse

v Straight'
0

Reverse

Straight

Nickel alloy or
25-20 stainless
steel

Carbon molybdenum
or special elec-
trode

Carbon molybdenum

Shielded-
arc

Shielded-
arc

250 to 300

250 to 300

Shielded 300 to 400
arc

Carbon nolbdenum Shielded- 400 to 500

arc

Same as base steel Shielded- 200 to 300

or 25-20 stainless arc

steel

Same, as base metal Shielded- 600 to 800

or 25-20 stainlel arc
steel

Same as base metal Shielded- 900 to 1,000

or 25-20 stainlesS arc Slow cool

steel

Chrome-molybdenum Shielded- 300 to 800

or carbon arc Slow cool

Molybdenum

Same as,Wase metal
(

Same as base metal
or 25-20 stainless
steel or.18-8

Use a
flux

300 to 800
Slow cool

Shielded- 300 to 800.,
arc

Chrome molybdenum Shielded- 200 6`800

or carbon arc

molybdenum
Carbon molybdenpm Shielded- 300 to 800

or Fild.steel arc

Nickel Shielded- 200 to'300

arc

Nickel Lightly 200 to 300

fluff
coated.

Monel . Shielded- 200. to 300

arc

Monel

Fig 2-30. Welding process and electrode selection
base metals and alloys--continued.
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coated
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legl'aase metal or alloy Welding
process

Polarity Welding electrode Type
matertatt-

Preheating
deg F

NICKEL AND NICKEL ALLOYS--contd

Incone (79% Ni- MAW
13% CR-6% Fe)

STAINLESS STEELS

1. Chromium alloys
(12% - 28% Cr)

2: Chromium-nickel
_alloys

r

Reverse
4

MAW Reverse

MAW

-Same as base
metal

f

Shielded- 200 to 300
barc

,45-20 or colum- Shielded- No
bium-bearing 18-8 arc
stainless

Reverse 25-20 or colum- Shielded- No
bium-bearing arc
stainless

Fig 2-30. Welding process and electrode selection for vattious
base metals and alloys--continued.

(d) Accessories. The welding set, model LM-62, also contains provisions for gas.welding and hard surfacing of metals, as well as aluminum welding by the
inert-gas method: Each of these methods avid be discussed later in the chapter

1. Gas welding. Storage space for the gas-welding regulalors, hoses, and
other equipment is provided in the accessory box. compartment. Gas
cylinders are mounted on the trailer forward of the welding generator
enclosure. A tube is ituated next to the cylipider on the left side 'of thetrailer for store* of long welding rods.

2. Si9nette unit. The inert-gas aluminum welding unit is stored in the
accessory compartment and secured in place on the shelf by a strap. A
receptacle is provided on the generator panel for connecting and operatingthe sigmette unit.
a

1. Hard-surfacing welding machine (fig 2-31).
maCbine,manufactured-by Libby Welding Co.
the forwird end of the trailer. This unit
provided for on the machine. All units do
used to apply extremely hard alloys to the
increase its resistance to wear, abrasion,

2-35

A modgi NSM-62 hard-surfacing
, may be mounted on a bracket op
is a separate item and is not
not rate this machine. It is
'sliri'ace of a softer metal to
corrosion, or impact.
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l'.

a,

A

Key Item Key Pttm

..A Dial' E Caster
s...

B Handwheel F Clamp

C Caster G ' ',lead

0 Lead H % Cable assembly

01 Clip

Fig 2-31. Welding machine, hard-surfacing.-

4

Ey

(e) Organizational maintenance. This is defined as maintenance that is limited

inspection, lubhication, and preventive maintenance. Organizational (1

maintenance personnel, assisted by the operator, must perform the preventiv/e

maintenance services regularly to be sure that the welder functions, properly

and to reduce the chances. of mechanical failure. Inspections by the operator.%

must be made before, during, and after operation of the welder. Inspections of

assemblies and subassemblies must include any supporting members and

.

connections, and must determine whether the unit is in good condition,

correctly assembled, secure; or excessively worn. The inspection for good

condition is usually a visual external inspection to cletermine.wflether the

welder is damaged beyond the safe or serviceable limits, or to determine if 'it

is in such a condition 'that damage will occur to the machine should it be

operated. Before-operation services will be performed to determine if the

.

condition of the equipment has chan,ged since it was last-operated, arid to make ..t.4

sure the equipment is ready for operation,. Any deficiencies must be corrected.

or reported to the proper authorit4 before the welder is put into operatfon.

Locate the welder as close to the work:a5 po5sible, with brakes set. Be sure

the ground is firm. If operating - indoors,'ventilate exhaust gases to the

outside air and provide adequate ventilation. Check the fuel supply and fill,

the taroks 4f necessary, -- 'Check the oil level in` the crankt'ase and the coolant

1n the radiator. Iflantifreeze is used, allow for expansion. Check fOrleads,

paying.part'icular attention to the lubricating and.'coolinb systems. Make-a

visual inspection of.the'untt for missing components and loose bolts, nuts,

2-36 80
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screws, Oring, etc.; replace any that are found missing. When starting the ',
welder `,see that no tools,.rags, or other materials are left on top of the ,

engine. During operation of the welder, the operator is responSible for
correcting or reporting-any deficiencies, malfunctions, or abnormal conditions
of the welder; also for checking the instruments and gages. At normal
operating speedand temperature, the no:load readings of the gages should be

Engine oil pressure , 20-35 psi .

Battery-charging ammeter Slight charge
Coolant temperature 1610-1800F

if the engine oi pressure shows an unusual drop, stop the engine immediately.
and check the unit and lubricating system for cause. Correct the trouble
before restarting the engine.. The same procedure-should be followed if the
engine cooling system boils over or the temperature rises above normal. The
operator must also be alert for unusual or faulty operation, such as failure of
engine' to return to idle.speed when welding"arc iv broken, or for excessive
smoking or vibration. Check the welder thoroughly and either correct the fault
or stop the engine and report it to the proper authority. With only brief
experience, the operator will become accustomed to the usual sounds of engine
operation and will become familiar when strange nqiises occur that are noV
characteristic of a normal operating engine; Whernoises other than normal
occur, stop the engine and determine the-cause and correct it before
restarting. During haltV(engine shutdown) even those of short duration, it is
the.responsibility of the operator to thoroughly inspect the welder and correct
any deficiency noted. The unit must be lubricated at specified intervals to
minimize wear and prevent damage and breakdOwns. Use the correct lubricants
and do not overlUbricate. Wipe off all excess and supled lubricants after

application. Follow the lubrication chart appropriate to the welder: When

performing organizational ,maintenance, do not attempt repairs that you are not
familiar with are not in your area of respon?ibility, or are not classified as

organizational maintenance. These are the duties of experienced personnel and
higher echelons of maintenance. Organizational maintenance is performed by
Maintenance personnel assisted by the operator at meekWaed monthly
intervals. The weekly interval will be equivalent to 60 hoiihs of use. The

monthly interval will -be equivalent to 4 weeks or 240 hours of use, whichever.

occurs first. The preVentive maintenance services to be performed at these
regular intervals are listed in table 2-1.

Table 2-1. Organizational MaintenanCe.of Model 1M-62 Trailer-Mounted Arc-Welding Set. .

intervals`

fi

4
Procedure

X X X Before operations vices. Check and perform" services:listed previously in

paragraph 4-2a (1) (c). 4

4

Lubrication, nspect entire unit for missing4r damaged lubricating fittings
.and for indication of insufficient lubrication...

X.

-- X
,.; -

, A . Fittin s. Replace musing q damaged fittings. Lubrlcate as'specified in

y r ca ion guide. ,. f .

..
.

_

X. .X X , Tools and equipment. Inspect condition of all tools and equipment assigned to

the yelder. tbetk conditiqff and mounting of toolbox.

.2-37
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Table 2-1. .0rganizational Maintenance of Model LM-62 Trailer-MountedcArc-Welding Set.

Intervals .

Procedure

X X. X .See that all tools,. and eiulpment'asstgnedto the-welder are CleAN Serviceable,

and properly stowed or mounted. See that the toolbox is in good condition and

that the lid closes and fastens properly.

X X ,Appearante, inspect general, appearance of unft, paying particular.attentiOn to
claness,iegibility of identification markings,kand condition,.of paint.

.X X Correct of report,anydeficiencies noted.

. ENGINE AND ACCESSORIES

X Cylinder head, manifold, and gaskets. Inspect cylinder head, manifold and

:exhaust pipe for leaks, Toose or.jnissing bolts, and defective gaskets.,

X X Tighten or replace any loose or missihg manifold and exhaust pipe mounting

ft bolts, nuts, ,And lockwashers.--Replace any defective gaskets. 'On new or
reconditioned engines, check all cylinder head bolts for tightness at the first

' weekly service. (The correct toroge wrench pull is 75.foot- pounds for cylinder

head bolt.)

X X X Oil filters. Inspect oil filter assembly and connections for leaks while

engine.is running.

X X Service oil filter asspeCtfied7.in the lubrication guide. After servicing,

.check-carefulr ly for leaks white engine is running.
!

X X X -Radiator. -,Inspect radiator for leaks, for obstructions iri core air passages;

and for loose mdunting belts: Check all cooling-system hoses for leaks,

.excessive deteriorltion., and loose connections. Check operating temperatOre

,and_cOndition of coolant. If coolant temperature remains-below 1400F, or

rises Move 1900F during operation, thertostats maybe defectivq- If

antifreeze is-used, 'Check its freezing,poiat, ,
%Tie

X 'X' ()rain, flush, and refill cooling tystem-if ccillant is contaminated With rust or
.

-

dirt. See that Ore air passages -are clean. Replace any damage or defective

coolin hOseS, fines, and gaskett. See that all mounting bolts and_ ,

connec lens are'tight Protect coolant from freezing, and record its freezing

point o NAVMC .10560.
1P

. . .

Water, pump, fan, 46d shrotb. 'Aspect water pump for leaks an4fcir loose or

missing-mdunting andasseMbly screws. Check the condition_andmoudting of fan'

blades and shroud.

X X Tigbteh or reOlee,loose or missing pdits and screws. -if pump leaks,- replace

X -X

It 'with a new or reconditionle. '

'', A'
X ,X Belts and pulleys. Inspect for' excessively worn, cracked, .or fraye4 belts,

.

''Check belt tbnsion and condition and alinr9ellt of pulleys. (Beltt are properly

adjusted when. they Can.be deflected 1 incettom normal; position at a.point '

midway between the pulleys.) , .

\

1
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Table 2-l:'

Intervals

t

izational Maintenance of Model LM-62 Ti4iler-Mounted-Arc-Welding Set.

4*

a ,

4-

Procedure

4

1

f

Adjust the tension of the belts ifAcitisary. ,''Replace belts if frayed or badly'
orn. Replace all belts in sets. Nevi' instil 11 mew belts with worn pulleys,
6r new 4ulleys witil worn or frayed belts.$

....
,

.

... X X Governor. 'Inspect for loose or missing mounting bolts. :Check for proper
. operation and adjustment: -t' ' .

it
X

-

JO

3'

'IP .
W4

X X X Fuel tank, ca iskelligrck Mhditionand mtenting of fuel' tank. fa'
nspec nes.apdlon4ectiops Tor,leaks, kinks, and obstructions.

,

Check fuel t p and gasat for wear and damage.

X k Tighten gr place loose or/mssing mounting bolts. See thit the aivent is
open; and filler cap%clean and tightfitting. Replace fuel tank cap and gasket
if necesiary.00Repair qr replace leaky or damaged fuli.lines.*

EtECTOICAL SYSTEM

X X X Battery. Inspect battev casqs for,cr'icks, leaks, loose mounting bolts an.0
4, clamps, -or for dirt and corrosion qn top of case. Check' for loose cable \ .

,
'

connections and corroded or damaged terminals and cabled' Check lgvel of
eTectrolyte (tt should Be about1/8Jlick above thR plafg%). Check electrolyta',
with a_hydrometer and record.readings on NAYMC'1056°: /Readin4s from 1.275 to
1.300indicate a fulJY charged battery; readings between.1.200 and 1.2154
indicate a battery hore'than half.dtscharged.

0 -

Clean all dirt; spud, and Corrosion from tap of batteries, potts, clamps,
dables, and'cable-terminall's: Replace damaged cables. Apply a thin film of,
chassis grease over the terminals after they are clamped tight. Add clean

. wAter,.if needed, but'do not overfill. -If freezing' temperatures prevail, the
'batteries must be charged long .enough to mix the Solution thoroughly. See that

*thesbatterios are securely. mounted and that the caA,are tight sand the16. ,ventholes open: 4

, ' .. . ,
X 'X X Generator and starter.: Inspect both for loose mounting. bolts and daeaged or

. g5 _loose eternal' wiring connections.' , .
. .. ..

-- X, X Inspect commutators and brushesifor'excessdive wear,"dirt, and oil deposits.
eke that brupes are free in their'-holders and,that.they make contact with'the
commutatdi:s. . A' I '. 4 I.''

.. .' ' ., ' .
i -. ,X X< ' See that starter and generator are surely and properlymognted. See, that .,

e i ,
brit& Wire.connections and .that are-fr4e in the holders- and
Make good Contact with th or lutAto

4
r.s. .

,.. .

X X X Volta regulator : Check operattp of voltage regtilator. (Afterlhe.ithrter,
is used, the ammeter should show An appreciable rate of charge. lAftep,the :

battery is filly charged'the amheter should show no charge or only a lit .
. Icharge.) .. 0

IL , *40
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. Jable 2-1. Orggn,izational Maintenance of Model LM-62 Trailer-Mounted Arc-Welding Set.
1-

Intervals

2 lirig Inspect -generatv wiringsforwprn, cut cracked, swollen;'or frayed

,insulation. 'Chec1( irinTfor loose and corroded connectiiins.
.,..

-- Conrtot
gla*.,, 0 ,1

X X Contl or report o Oper,authority any deficiencies noted. . . %*

p
.

-X X X Cont 01 p. el: See that all meters, gages,Ana switches ftinctron properly; and' .,-.

a e. re codirol panel is clean and-sdeurelmoounted.. See that all.
'Jermlinatconnectionin'on back'of tli panel aee 'clean, free.frdA kust and

ton.rOsillo and. securely tightenec0j . .

r ..
, 1

. . . .

X X Correct to proper author'ity and. deficiencies noted.
. . . . !

Procedure

(Li

See that the regulator is spcurely mounted. Tighten or replace loose or

4.mising mounting and regulator Cover-screws.

CONTROL SYSTEM

X 'X X Gages (meters). Inspect operation of all gages and meters. See that all gages

are mounted securely and that all connections are tight-and clean. Under

normal-opgpting conditions the gages and meters should read as f011ows: Oil

Pressure, T6 Psi;!battery=charging /nmeter, in charging range (pointet should

be on charge.side of dial when engine is running); water temperaturega0e,

normally 1800. (Many run slightly more or les-s dependidg rin climatic

conditions; check for extremes.)
s

X X Tig ten loose connections.' Replaced damage or defective gageS:

' FRAME f

.
.. .

X X X FAme. Inspect for cracked, broken, or splitting welds, and loose or missing

bolts, nwts, washers,. a4-bent or displaced members'.. . P .

X. 41 X Tighten or replace all loo or missing bolts,' nuts, and washers. tpair or

report to proper authority-all bends,.cracks, and breaks,
. 1 ,

GENERATORS

X X X Commutator and brushes. Inspect commutator, brush hOlders, and brushes'4
craCics, abrasion, wear, and ail deposits. Check fpr -excessive sparking. See

thif brushes move freely in their hRlders and that springs provide sufficient

pressUre. (The,correct'spring pressure is 2 lbs.)
.

-

.

X X can commutaror,if necessary; If available, use.'clean, dry compressed air to

* clean the dust and dirt. from around the fields, rotor, air cits, commutator,
and brushes.

V -
X

AI

Str

2-40 8 41410
, ,.

'V



ti

V.

''

Dynamotor-welder. ( fig 2 -32). The dynamotor-welder is a component of the general

purpose repair trailer set No. 1 and the organizational repair set No. 2. The

difference between the two is that the No. 1 set is driven by an engine mounted in the
trailer and the No. 2 set 'is driven Jy the truck engine. Herein we will refer to the
trailer-mounted wilder, whose operation is`the same for both models. A dynamotor-
welder is ipstalMin the trailer and driven by'the,shop-engine through a manually
operated clutch or by external power source. When the welder is driven by the engine,
it provides direct current for welding ;and alteimating.current for the'shop,tt tools
and equipient. When the welder is driveh by an e5/ernal power sotTrce, the ac generator
acts as a synchronotis* motor and drives the welder M. provide direct current for
welding. The external power is also used to operatathe shop set" t6Ols and tools And
equipment. The. normal power, either input or outpu is 220-vhlt, 3-phase, 60- cycle,

alternating current.

.J.

Fig 2L32. Dynamotor-welder'. 4.,

w
, - .

N) Starting_ and sOpping (he hynamotoe-weider,. The shop set is equipped with an

determines.the running speed, 1,500 or 1,800_rm, respectively, of'the engOir.
engine to power the welder muLair compressor. The frequency, 50 or 60 cyc

The dynamotor-welder frequency is dictated by the required at the °

remote utilization And the frequehcy switch, locatpd;on the welder control
' instrument panel (fig 2-34). 'this 1st usually Set at 60 tps, although th'e! .1

i
Contents of the shop set will opeiate satisfactorily on eithdr, equency: The

speed adjustment and power engagement`, as well as wimple engtn slarthip become
part ofthe overall enginiMstarting procedure mentioned b fore, when t,be z

welder is powered intecp ally by the !engine, i ge tes both alternating an
direct current; when Mis powered by an nutside source, it generates direct
current only. In either case, use of ac or dc depends on the proper setting of,
the ac, and dc electrical systenis of the shop set. The dc is used for welding.
The 3-phase ac generator is used to power external lbads and variotis,shop set
componenti. The current to be used withili the shop set, if generated at 380 br
440 volts, is reduced by a transformer-to 220 voleis, and in part, to.110
volts. tf generated: at 220 volts, the'current again Js reduced to 110 volts.
Starting the two. electrical stems is.dpne0 the control panel (fig 2-35). '-

Start the engine and adjust speed' to 1,800 or 1,500 rpm as necessary, referring
. to figure 2-35. The engit governor will maintatn adjustqkspeed undeP various

load. conditions. Figurd 2-33 illustrates the engine canteo5t and instruments
when the engine is running with the clutch in the disehgagtd position. After
the .shop engine has been started and haf reached operititig.temperature,,
energize the qc and de internally powered AlectricalAystems, referring toy
figure 2-34 and the steps listed.

f
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F.ig2-33.Enginecontrols.and instruments.
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F 2-34.- Dynamotor-welder controls and instruments.
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Fig 2-35. Sfort4g
4 MOM,

set engine.

Step 3. Turn shutter control fully counterclockwise to
'CLOSE.

Step 4. Push magneto switch to START.
Step S. Pull throttle control out 1 inch.
Step Pull choke control out.
Step 7. iPlace battery switch on.

Step 8. Push starter t6ntrol.rod in to start engine

Step 9. After engine starts, close choke gradually
and adjust throttle control to gtilie tachometer,
reading.of 600 to 900 rpm.

Step 10. Open shutter cqatrol partially. Operate
en and adjUTt'shutte'r control to st6-

engine temperature between 150 °F
0 °F.

ti

.
at

I

.4)
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2-36. Starting and stopping ac-dc electrical systems with internal power.

Or .14
6, . .

Step '1. Set crrcuit'breaker at ON and frequently switch/tat.50 or 60 cycles as necessary.
, .. 4-

Step 2. Set polarity switch at OFF and sic variable resistor at zero.

Step 3. Set selector swit0 at GEN (generator).
' .

3R

Step 4. Engkge nine (fig,2-35, step 2).

Step 5. Hold dynamotor soh momentarily on start.

Step 6. Regulateac Variable resistor to give desired reading on itc voltmeter.

Step 7. Adjust engine speed as necessary to give desired reading on frequency meter.

To use the dc electrical system only, perform s ps 1 through 7 'above arid then set
selector switch to OFF, momentarily holding the dynamotor switch at.the,,STOP posi
stop the. engine and deenerAgize the electrical systems when they are nternal194bo
following steps must be performed.

Ste Set the selector switch to OFF.A
Momentarily hold dynamotor switch at STOP.

sengage clutch by moving the clutch le'Ver to
Un ock throttle and push in.
P 11 magneto switch out
Place battery switChift OFF,

Step 3.
Step 4.
StSt 54

ep 6.
Step 7: Close fu shutoff va ,/e.

the DOWN Obsitia. 4.

To start the ac-dc ystems with external power, connect the external 'paWer lead(fig 2-1V)
to the input/outputbreceptaern Referring to figure 2 -38, follow the steps to .energize the,
syVem.

4;4

Co

- -

1/4

Fig 2-37. Extehal power supply, removal an

/ \ 2-44

f

88

4.:

.11

1/4

1/4



4'

,

et

.

41.1

,,

.N

S

,
ib -

mr

.

,NOTE: TO UTILI7E DC ELEOFFICAL SYSTEM ONLY PERFORM STEPS 1 THROUGH 4 BELOW, GHECK PER NOTE
BELOW, AND FOLLOW DY SETTING SELECTOR SWITCW AT OFF POSITION.

"

*04C'

IWO AO 041.4 t,

(baulk"' ..11/ 5
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Note: Check direction of rotatiop of dynamotor-welder; it should be counter-clockwise
viewed from non-sdrive end. If rotation is incorrect:

1. Stop dynamotor-welder and disconbect external power.
2. Reverse connection of any 2 incoming power leads at input/output connector.
3. Repeat steps 1 through 4 below.

Step 1. Set circuit breaker at ON and frequency switch at 50 or GO cycles as necessary.
Step 2. Set polarity switch at DM and do resistor at zero.
Step 3. Set selector switch at PITY.
STEP 4. Hold dynamotor switch momentarily on start.

Fig 2-31). Starting aerdc electrital systems with external power.

.

(a) Welder operation. To operate the welder, after timitac-dc systems have been
energized, whether it be with an internal or exterFal power source, refer to
figure 2-39 and follow the steps 'listed.

4.

.0*

1.0LIPt.4fiSkli141d1111
IC Ai, .40t ---

,
111

rtl wasir4T

44 Iwo: 4 Aim 1
4

0 ftl'irigli '''

.

7
i

-.

4eStep 1. Be sure polarity is at OFF and dc-variable res or at zero,
.

of- set

swatch and resistor for these posTfTons. *
.

Step .2, Connect welding ground cable to ground termirlal Of welder panel.

Step 3. Conliectliground'cabie to.Workriece, t .. lik
b Step 4. Install wilOingdcable plug in weldigg connect t marked 1.-

I

Step 5. set1Polatity switch at Itratelt or reverse as necessary.

Note! Powered flux, carbonand bare electrogps,usmally4e straight
At.

-polarity, putting 2/t of-welding-heat Th the workpiece, copper allay
and heal(ily coated electrodes generally use rewrs.polariq, PuttTng
2/3 of welding heat in the electrode.-

416

Step 6. Install electrode in electrode holder,and weld, if more welding heat
is required, turn dc reistoraclockwise to increase welding currents

4

Note: Perform steps 7 through 9 below only if-still greater welding heat is:
required. If satisfactory welds are proiduceik by performance of. this

step, Astep 6) complet welding and perforip step 101,b0loW.

Step 7. Repeat step 1.above.

..: N.
Step 87 Remove weld4tg cable plug andc.install it in next higher numbeki _ mo

welding connector: i . A

t
\mom*2-45 8 9



AN Step 9. Repeat steps 5 and 6 above and notes beneath as necessary.

Step 10 WhOrrwoldtng is interrupted, set polarity switch at OFF, When
0 welding is completed, set pblaritle switch at OFF, turn dc res4a-iir y

counterclockwise, and stop thellynamptor-weldeT:

..Fig 2-39. Operation df:dy&tor-welder,
4

10,,'Alternating-current,welders (fig 2-40). _Most ac welders are essentially static
transformers. The function of a franTorMer; as the name imAlies, is bo transform or change
electrical power film one voltage to another. Basically, a transformer Consists of three
principal parts: a core, a priniary coil, and a secondary coil. There are three general types
of transformer arc welders: tapped reactor, movable coil, and movable core. Th basic
differencels the manner in which current control for welding'is accomplished. igure 2-40A
illustrates a.welder in which the current control is selected by inserting electr de and ground
leads into appropriate receptacles. In the movable coil and movable core types (fig 2 -406),
current is adjusted by manipulating a handwheel or crank. Before attempting to connect or
operate a transformer welder, study the directions and the handbook for that unit as-well as
the information on the data plate. Then, before you apply power, be sure that;

.

(1) The 'transformer core and case are securely grounded. . ,

(2) The secondary leads (electrode andpoork) are insulated from each other and from the
ground,,

v

.,

es _
-.

(3) The correct voltage, as indicated on the nameplate,is used when connecting to the
primary winding, Connecting the unit to direct current or to a power source having
a greater voltage than that specified mhy result in serious damage to the
transform-ler coil. To aid -you in avoiding mistakes when connecting and rounding
the wilder, a 3-wire primAry powpr_source supply'sable is furnished with each
machine. Two _leads, one black and one white, ar4for connection to...the power

source. The third is for grounding the et case aild4pre to the
established service ground. The grounding wire should alrays be connected to a
ground before power is applied to the unit.. Since there are no moving parts as in
generator-type welders, tr ormer -type welders requireoless upkeepa However, the
machine should and does requ re protection from chst, fumes,'and excessive
moisture. Also, the .flow of ventilattng-air should- not be restricted during
operation. Once-every 6 months the welder should be clbaned-by blowing out the
unit with clean, dry, compressed air. All weldingiaper"ations with ac tradffoevers
must be done with heavily created electrodes;specifWally designed fortuse with ac.

*
Fig 2-40. Ac transfopiler-type 'welding DiaChjies,, titi

'4 IV

qr,
,

EXIRCISE: Answer the following quq:Stioniind aiteck yoUr respconsel Against those-listed at the
ehd of thit.study,untt. .,N. ,

1. A rectifier-type wet qing4machine*deli4eri -,015e,curreol.

rs .

a. ac-

b.. dc

..

.

C.

c. either A or` c

d. pall
11

V
t.

dr,
`.Q.

.."
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2. A LM-62 is a

a, gas-engine driven, self cont ned ac welder,

b. diesel engine - driven, self .contained ac welder.

c. gas-engine driven; self contained dc-welder. .

d.- diesel engine-driven, self contained de welder. i

- Ali3. The generator on the LM-62 welder provides is for operating the

welder and small frand tools.

a. 110 .c. 220

b. 115 d. 440

4. When the voltage required is' critical for the operation of'small hand tools from

the electrical outlets on the LM-62 welder, the desired voltage may be regulated by

the
0

a. engine-speed. c. current control.

b. job selector rheostat. d. current control and polarity switch.

5. On the LM-62 welder, the welding generator and the attached exciter convert

a. dc to ac.

b. mechanical energy to electrical energy.

c. ac to dc.
d. mechanical energy to rotating energy.

6. Three factors determine the voltage and current selection op the

reLM-62 welder. They are, the mat ial being welded, the skill_ of the welder, and

a. the current range of the welder. c. the polai-ity that will be used.

b. the size of the electrode. d. the rpm setting on,tiv throttle control.

7. When welding in the overhead Position using a 1/8 inch electrode, with the LM-62
welder, you would place the voltage control in the t` section.

. a. yellow r c. red.

b. black d. special application

8. After cranking the LM-62 welder for 30 seconds, the starter should be allowed to

cool for

a. 30 seconds
b. 1 minute

c. 2,minutes .

d. 3 minutes

9. The oil pres,sup gage should be checked after the engine has for

a,. 10-20 seconds
b. 30 seconds;---

c. 1 minute
_d. 2 minutes

4

10. Utilizing external power in the operation of a dynamotor-Welder:
is produced. .

a. alternating c.
, .

b. alternating and direct

current

1. Electric transformer ac-type welders should be cleaned with compressed air ,

every . month(s).

a. 2 c: 5

b.- 1 d. 6

12. Match the fifteet,gauges and.contrors (Column 1) with theWcorreet uses tColumn 2).

Column 2ColUnin 1

(1)-Houritleter.

,(2),Fuel a e.

(31 a e switch.
(4) Water temperature gage.'
4i) Oil-pressure gage. .

(6) Itarter button.
1

la) This control varies the exciter voltage of
-the welding generator.'

(b) The electrode hplder an4'work-cables are
attached here toobtaiti welding current. -

(c) It indicates' engine lubricating oil .

Pressure. .

2-17-



(7) Battery-charging ammeter. (d)

(8) PineT 1 igh/ twitch.

(9) Current control.
'(10) VOtt it control (job_ selector).
(11) Polar twitch.

(f)(12) Utility outlets.
(13) Welding selector switch.
(14) Sirette outlets.
(15) Welding generator terminals.

Work Unit 2-5. WELDING PROCEDURES

6

a./

It indicates total hours of engine
operation.
This switch permits the selection of the
output terminals.of the welding generator
or sigmette outlet.

It energizes the starting motor to crank
the engine.

Its purpose Is to vary the current output
of the welding generator.
These outlets permit the welding of
aluminum or small-gage metal.
This switch disconnedts all safety circuits
to the engine.
These supply voltage tor small .tools and
accessories.
It indicates the quantity of diesel fuel -

rehaining in the tank.
This switch controls the polarity of the
electrode:'
It indicates the engine coolant
temperatures. .

It turns q -panel lights Willuminate
controls and instruments.
It indicates the charging or discharging
nate of_the battery.

IDENTIFY THE MEANS-TO CONTROL EXPANSION AND CONTRACTION OF METAL DURING THE WELDING
PROCESS.

'
IDENTIFY THREE METAL-ARC WELDINePROCEDURES.

IDENTIFY TWO ARC-WELDING SAFETY PRACTICES FOR ELECTRICAL SHOCK.

a. EXPANSION AND CONTRACTION IN WELDING OPERATIONS-

11) General. As you are probably aware, the linear dimensigns of all metals change
with fluctuations in temperature. The heat developed at.the welded joint by any
welding process will cause the metal to expand and; upon cooling, there will be a
corresponding contraction or shrinkage. Just as metals differ in'their ability to
conduciF heat, so do they vary,in the extent to which their linear dimensions change
with a given increase or decrease in temperature,. The extent to which expansion
and contraction occur influences the weldability of the metal involved. If all -

metals responded to temperature changes in the same way, the influence of expansion
and cpntractronion weldability would be less than.it is.. But when metals having
different rates of expansion.and contraction are welded by high-temperature
process, the internal stresses. set up by different rates may cause the joint to
crack immediately. Figure 2-41 illustrates some distontiont caused by these
internal stresses.' Even when metals have the same characteristics, expansion and
contraction may not be uniform throughout all'partI of the metal. The
nonuniformity of expanstbn and contraction will also lead to -internal stresse
distortion, and warpage. -

of
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VER ICAL WORK PULLED OFF CENTER

--rrisere;-'..40x1P

FLAT WORK.PULLED OUT OF LINE

FLAB WORK DRAWN INTO CURVE
SPACING CLOSES

Fig 2-41. Results of weld -metal shrinkage.'

(2) Controlling exRansion and contraction. .The welding procedures should be devised so

tharcontraetion stresses will be held to a minimum in order to retain the desired

shape and strength of the weld wt. -Tack welding helps to prevent undue

distortion. You will usually taTk-weld sheet-Metal, joints at short intervals.

Most joints can be alined and held in place with pieces of angle iron and

C-clamps. In welding long seams, the contraction of the metal deposited at the

joint will cause the edges being, welded to draw together and possibly overlap.

This condition can be offset by wedging the edges'apart as shown An figure 2-42.

As the weld progresses, the wedge should be moved folWard._ Spacing of the wedge

depends on the ty0e of metal being welded and its thickness. Spacing for metals

more than 1/8 in. thick js approximatelY,as' contained in table 2-2 below.

.J

4

Table 272: Spacing of Metals to be welded.

Metal Inches per foot

Steel 1/4 to 3/8
3/16

Aluminum 1/4

Copper P
AO 3/16

Lead 5/16

Brass and bronze

WEDGE-PLACED APRX 18 INCHES
AHEAD OF WELD

DIRECTION OF WELDINGA
V"

DIRECTION OF CONTRACTION

Fig .2-42. Spacing with a. wedge:

2-49
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Buckling and warping can also be prevented by the use of quench plates. These are
heavy pieces of metal clamped parallel to the seam being welded, with sufficient
space between to permit the welding operation. These quench plates absorb the heat
from the welding operatimon and decrease the stresses due to expansion and
contraction.

(3) Stress-relievin . Upon cooling, the weld metal shrinks t6 a- greater Agree than
e ase me a o which it is welded and, bRause it isIArmly fused. to the bise

metal, it exerts a drawing action on it. This drawring'action produces stresses in
and about the,weld which may cause 'warping and buckling. Thereforeparts that
cannot move to accommodate expansion and contraction must be'heated uniformly
during the welding operation and stress-relieved after welding. TH?se precautions
are particularly important in welding aluminum, cast iron, high-carbon steel; and
other brittle metals. Stress-relieving in steel, welds may be accomplished by
heating the work from 800° to 1,450°F, depending on the material, and then
cooling it slowly. In stress-relieving mild steel, it is common practice to heat
the comWete weld 1- hour for each inch of thickness. Another method of
stress-relieving is to work the finished weld metal by hammer blows (peening). -

Excessive peening, however, may cause brittleness'or- hardening of the finiShed weld
and actually cause cracking.` Preheating of the parts to be-welded is desirable in
some applications of welding, If proper preheating times and temperatures are
used, the cooling rate ts slowed down sufficiently to prevegt.cracking. Preheating .

facilitates welding'in many, cases and prevents cracking troubles in the heat-.
affected zone particularly on the first passes ofweld metal. The preheating
temperatures for specific metals before welding are as contained in table 2-3 below.

Table 2-3. Preheating of Metal Before Welding.

C

a - Recommended ..

Metal \\.
\

preheating

Low-carbon steels (up to 0.25% carbon) ,

\ \200° to 300°F
y ...;

Medium-carbon steels (0.25% to 0.4S%'carbon) .
° to 5004

High-carbon steels (0.45% to 0.90% canon) .

5d0° to,8000F

Carbon-molybdenum steers (0.10% to 0.30% carbon) : . . 3090 to 600°F

Carbon-molybdenum steels (0.30% to 0.35% carbonr . . . . 506° to 8060F

, Manganese st els (up to 1.75% manganese) 2 300°.,to 8000F

Manganese ste Is (up to 15% manganese) Usually not requires

Nickel steels qup to 3.50% nitiel) ..... ..'2066 to 7000F

Chromium steels . JP, 300° t5O0°F )

Stainless steels Usually not required.

Note: For alloy steels the preheating temperatures are governed bl the carbon as-well
as thealloy content of the steel.

Cast iron

Aluminum

Copper

NiCkel

Monel

Brass and brOnze

.`1

7000 to 8000F'

500° to 8000F

500° to 8000F

200° to 3000F

-200° to 3000F

300° to 500 °P

94
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b. METAL-ARC WELDING PROCEDURES

(1) General. Before you try your hand/at metal-arc welding, equip yourself with the
personnel protective cicithing desctibedtearlier: helmet,. gloves, etc. Also,
consider the, people arounfl.you by providing .a screen- to protect' them from arc
flashes. Further, be sure to ground your work, piece, or the welding table.'
Successful metal -arc welding requires the proper selection of electrodes for the
kind and thickness of material to be welded as well as the type of welding current
(ac or dc) to be employed, and.the poiition in which welding is to be
accomplished. Weldlng equipment centrols -for amperage, vc,'Itage, and polarity must
bee_adjusted to provide the sc.wrenf `value sdftable kor---the-tOnditions of welding,
including the skill of the' Welder -Mr:mei r. 'fi.a-sfecific directions are given here
for setting the centroli becaute they varrOn the different types.and sites of
machines made by different reinfifiptufrers., Ge

in on the- machine you willbeIrsing. As.you,
make your-own adjustments:. _Experience is the
adjustments to ful.f411 the job requirements.
you can use then * settings shown-in figure 2-4
in which,thd- electrodes are furnished by the ma

an experienced welder to break you
in experience, you will learn to
est guide for maleing-the necessary
or the first setting of -the, machine
as a guide. Usually the containers
ufacturer have.1,nstructions for

their,ute as to the ;ecommefidet1 welding current setting for various sites of
e.lettrodes and positions of welding.- Bear in mind that you can only use those

..-'-recommendations asa gui.de. ExaCt adjustments depend on- your welding skill and the
type of machine:you are using.

Electrode size (in ;) Class

3/32 1

1/8 1
5/32 1

.3/16
Y/32 2

1/4 . . . . . . 2 .

Plate
'thickness

(in.)

3/16
1/4
1/4 _

1/2
1/2
1/2.

AmperesAm

c

80
120,_
150.
100

`215
240

70
-110

135
155
175
225

Ffg 2-43. Current settings for welding steel with 6011 vlectrOdes.

The mineral - ,coated typeot shielded-arc electrode, -which produces a slag. as a- ,.

shield, requires higher welding currents_ -than does, the celluldse-coated type,: which
produCes_large volumes of gases to-shield the lirc,..stream.- 'In addition to-proper
adjustments' for current and voltage, to give proper welding condition't for the
particular size and typb of electrode used, it is necessery to consider.polarity,...

"ithe proper polarity can be recognized by-ktNe sharp crackling _sound of the arc.
Improper polarity for a giien electrode will tausethe arc-to give off4..hissing
sound and will make control of the weld difficult. After the machine-has- been
properly adjusted; the bare end of the electrode shiculd be- gripped.in"the electrcnier,
holder so that-the entire length may be consumed and deposited without breaking the
arc. There are two ways of getting the arc started aftervou have properly.set up
and adjusted your welding machine; the striking or brushilig method, and the tapping.
method. In either method, the arc, is formed by short-circuiting the Welder current-.
between the electrode and the joiht to be welded. The heat,at the arc causes both
the end of OM electrode and,the spot struck on the metal to melt instantly.. In
the striking or brushing method (fig 2-441, the end of the eleArode is brought,
down to the work in a conanuods 'motion that describes then arc 'of fCcircl e. As ..
soon as you touch.the surface of thebase metal, -the downward motton is checked ard.,
the electrode is raised to make the arc. The flfstancebetween the electr'ode and
the base metal shand beiabout equal to the diameter of the electrode. You ,will
know by .the sharp crackling sound when you 'have the Oght length atic::,I'n the. ,

tapping method (fig 2-45), you hold the electrode vertical to the P,1tte. Establish
the arc by lowering the electrode and tapping-Dr bouncing it on the 'Surface of the

J

u
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A.

-OP

f
. ......

Fig '2 -44. $triking or brushing method.

'base metal.'.;. With some toes of electrodes it is necessary to strike the electrode
forcibliron the base metal,' to remove the projecting cover on the electrode tip.
With other types, you' OnlY'need tohOld the electrode in contact with the work.
The coating of these contact electrodes . : .1 ', N

-

Fi 2-45. Tapping method 4'

a

is an electrical conductor of sufficienl degree to, start an arc. The arc is
maintained by keeping - the covering in contact with the work. When you strike, an
arc, be sure not to raise the electrode too fast or you will lose the arc dde to"
itselength. If you aise it too slowly, it will stick or freeze to the base
metal . When this- happens, you cans usually free it by a quick sidewise wrist
motion. If 'the electrode is not.,freed hy this motion; remove the holder froin the

_electrode or Step _the machine. A right chisel blow will then free the electrode
and allow it again to. be gripped in the.hol der. Do nott)eemove your helmet or 'the
shield from your eyes e working, with the electrode. After the arc is struck',
particles of metal melt o the en'd of the electrode . f are fed into the molten
crater of the base metal. This cedes the electrode to N horten and the arc to
increase- in length unless you keel) the electrode closer the base metal as the

- end is fed off, If the electrode is fed down to the pla and along the surface 'at
a' constant rate, a head of me_ will be .deposited or wel the surface of), r.
the base metal: Before-you & fur ur arc, hold.it for a:short time, at the°,
starting point to insure,good fusion and to build tip the bead slightly. lcogd arc
welding depends on ,good control, of the motion of the electrode down to and along.
the surface.00the base metal . Just as there are two di fferentanethods for
starting the arc, there are also two di fferent methodtof brepking the -arc. In tlit
first.method,,,-the arc is shortened and the electrode is moved' quickly, sidewayi
from the crater. In the -second method, the electrode Is held.statioupcy long
enotigh tp fill the crater. and _then_ slowly withdrawn. *Usually, the' first method is
the owlhat you will use: In general the types-of welds -and joints for arc
wel dOV§ are the same as those used' in gas wel ding. Also, the positions s of,,welds

. the sane as An gas welding: ,Arc-wel ding technicities must differ somewhat for.
the positions utitd. 'The posits 'of the electrode IA relation to -the. joint is a
factor of prime iliportarice. Increayfrig the electrhde angle, in the direction of
welding builds up a bead.'
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(2) Weldins a head in the flat position (fig 2-46). The electrode should he held at a
90° angle to the base metal. :In order to get a good:view of the molten puddle,
you may find it convenient to tilt the electrode from 50 to 150 in thie
direction of the welding. To.run a bead,. don't move the electrode from side to
side. To keep the arc constant, move the electrode f6rward jus44 fast enough to
deposit the weld metal 11 formly, and move it downitard as rapidly as the mol ten
metal is deiposited. Hold a short -arc and weld in a straight line at a constant
speed. You can't judge the proper length of the arc by looking at it, so ypu will
have to depend 4n recognizing the sound made by the short arc. This is a sharp
crackling sound and it should be heard all during the time the arc is being moved
along the surface of the plate. When the length of the weld requires the use of
more than one electrode, t'eestablishing the Arc and continuing, the weld becomes an
important procedure. _Reestablish the arc by striking the tip at the forward.or
cold end of the weld crater; then Move the arc4kward over the crater and rtAn
forward again to continue the weld. This-proce e fills the crater and avoids
porosity and tapping of slag.

-1*

Fig 2-46. Electrode position for welding a hea in the flat position. .

A good bead weld should have the following characteriitics (see fig 7147):

Little or no Veld spager on the surface of the plate.

\)An arc crater in the bead of approximately 1/111 in, when the arc has been
brokeh.

Slight build up bead with no metal overlap at the top surface.
4 ,

A good penetration of approximately 1/16 in. into the base metal.

Fig 2-947. ad weld characteristics.

(3) Welding a butt Joint in the flat position. 'The setup for' this type of weld is the
same as fOr gas welding. Plates less than 1/4 in. thick can be welded in one
pass. No edge preparation is necessary for this type of weld,' but the edges of the
base metal Meld be tacked together to prevent them frOm separating and to keep
them alined. The electrode motion is the same as for fcrming a head in'the ,flat
cosition, When you are welding plate more. than-l/4-in. thick, the edges should be
prepared by beveling or U-grooving. Any of the Joint dgsigns illustrated earl ier
may be used, dependihg on the thickness of the plates. The first bead or root is
deposited to seal the space between the two pieces of the 'Joint and to weld the
root of the Joint. The bead must be thoroughly, cleaned to remove all slag before
another pass is made.. The second, third, and fourth layers of weld metal are
sometimes deposited in a weaving motion. Any.of the methods shown int.figure 2-48
may be used, depending on the type and size of electrode. You will have to clean

, 2-53

9'7

'7*

a.



s

each layer before depositing the next, and you' will have to be careful to prevent under-
.

cutting. To prevent this, pause at the end of each turn of the weave on the edges of the
joint. If you have troublexetting good penetration at the root of'the butt joint in the flat
position, you will have to se a backup strip (fig.-29). Tack-weld the strip to the base of
the joint arid use it as a cushion for thefirst layer of weld metal. When the Weld is
completed you tan remove the strip and add a seal bead at theNback, if necessary.

%.

Fig 2-48. Weave motions.
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Fig 2-49. Butt welds with a backup strip. IP

(4) Fillet welds on T-joints and lap joint's. Electrode lead and work angles are
particularly important in joint designsTeguiring'fillet weldt; The angUlar
position of the electrode determines the freedom from undercutting, the case with
which the filler metal is deposited, and 'the uniformity of penetration and weld
appeardhce. The lead angle is the angle between the electrode and the joint in the
direction in which the welding is being done. Work angle is the angle between the
electrode and the; work in.a,plane. normal to the joint Rlane. Both types are shown
in figure 2-0. Fillet welds, as you may recall, are used to make T-joints. To

.Fig 2-50. Electrode lead and work angles.

set up a T-joint'in the flat position, you'form an angle of 900 between surfaces'
of; the two pieces of plate being welded. First, tack-weld them in position by
welding a tack at the ends. Use a short arc, and hold the electrode at a work
dhgle of 45° to the platsurfaces (fig 2-51). Tilt your electrode to about
15u.lead Angle in the direction of welding. Light plates can be. used without a
weaving motion of the electrode, and they can be welded in one pass. Heavier
plates may take two or more,passes; if they do, a semicircular weaving motion is

2-54
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used with the secdnd past to get good.iusion Without OnderCutting. Lap joints are made in the

same way as (- joints, except that the electrode should be held so as to form a 300 angle with

the vertical. The angle is spore nearly straightened upward than that used for the 1-joint.

VI

r.

Fig 2-51. Fillet welding a T-joint:'

(5) Arc welding in the overhead position (fig 2-52). This is a difficult position for

some welders. The following tips will help you to get a good overhead weld:

Keep a short are. This will help you to control of the molten

pool.

Hold tale are' at 900 to the base metal when welding a bead.

Avoid excessive weatting in the overhead position as this will cause overheitinf

of the weld metal and form a large pool which is hard to control.

Butt joints' in the overhead position are best made with backup strips. Where

backup strips are not permitted, the root can be weldgd from the top side. String

(straight-line) beads are better than weave.peads_for this type of weld, but each

bead must be cleaned and the rough areas-should be chipped out before the next past

is made. Figure 2-52 illustrates the proper sOquence for running beads. Fillet

welding in the overhead position (fig 2-53) is done with a short arc and no.

weaving. Hold-ttibelectrode about 30° from the vertical plate-and move it

uniformly in th ection of welding. Control the arc motion,to get good root

penetration and good fusion withithe sidewalls. If you get too big a pool of

molten metal and it begins to sag, whip your electrode away from the crater, ahead

of the weld, len4thening the arcand allow the metal to salidify. Then return the

electrode immed9tely to the crater and continue to weld. .Heavy plate may require

several passes to'make either the T-joints or lap fonts in the overhead position.

The second, third, or fourth pass is made with a slight circular movement of the

end of the electrode while the top of the electrodes Is tilted about 150 in the

direction of welaing. Each bead must be chipped and cleaned before the next bead

is'applied. Chipping 'and wire brushing is the best method for cleaning.

Fig 2-52. Welding butt joints in the overhead position':

1
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'Fig 2753., Fill4t welding in the overhead position.

(6) Welding in the vertical positIon (fig 2-54). Because ft the tendency for the

molten meTal to run down, welding in the vertical position is much more. difficult

than the flat position. Here again, careful control'of,thepwelding voltage as well

as a short arc is necessary. Current `setting or amperage is less for welding in,

the vertical position than for welding in the flat positioo. Less current is used

for welding down than for welding up in the vertical position. When welding up,

hold the electrode at 90° to the vertical, and when welding down, hold the

electrode about 15° from horizontal in the direction of welding (fig 2-54C).

Butt joints welded in.thavertical position are best made with a triangular motion

(fig2 -55). If these joints are of 1/2 in. or heavier plate, several'passes will

be required to get a good weld joint.

NOTE ALL DIMENSIONS SHOWN
AR IN INCHES

1
MICRON

Of WELDING

90 DEG

111111111111MIr

VIRTKAL WAD WILD, WILD1140 UP

VIRTICAL WAD WILD, WILDING DOWN

11.1 /2-41

WHIPPING DIRECTION

UP MOTION OF WELDFNG

Wf1/2 AVE BEAD
WIDE

VORTICAL MAIM WAD WILD,
MOM U.

DIRECTION
OP WELDING

r.1/2

WEAVE BEAD
1/2 WIDE

1 SLIGHT
SEM1ORCULAR

WEAVIL

VIRTICAL WIAVI BRAD WI 1.0,
WILD/NO DOWN

Fig 2-54. Welding in the vertical,position.
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riT2-55. Welding'a vertical putt joint with .a triangular weave.

Sucessful manual arc welding depends on many factors, but the most important part

of the procedure is electrode manipulation. The arc must be neither too ltng nor

too short. Too long'an arc causes excessive arc spatter. It also decreases the

protection of the gaseous shield at the tip of the electrode. Too shot an arc is

al unstable due to the tendency4o short circuit andireeze. taut)A-§ arc welding,

el ctrode manipulation must insure that the sidewalls of the joint are being melted

'an the weld metal is properly bounding withoUt undercutting or overlapping.
An ther objective of electrode manipulation is complete penetration, especially at

the root. to gain the skill you need requires a great dealof practice. Knowledge.
about a subject is usefu'1 in solving problems, but when it comesto producingF

sound weld it requires skillful manipulation techkiques. This information caez.,

provide guidahce, but only your own efforts can produce the skill.

c. ARC-WELDING SAFETY PRACTICES
)

. s
.

A
'

"

r .

1

Safety consciousness, an awareness of possible hazards, and-knowled of.ways to avoid

or control dangerous conditions are essential in any work. In welding, ignorance of safe

practice or carelessness in the application of safety rules may result in Serious injury or

deAth for those personnel involved. Before you set up; operate, or attempt to weld, you shield

be thoroughly familiar with all applicable safety rules and practices. There is a Navy- fhb
rpublicbtiOn which discusses in detail the safety precautions' that must be observed in welding,

the principal hazards that exist, and methods to eliminate these hazards. This publication,

Safety Precautions for Shore Activities, NAVMAT P-5100, chapter 10 should be read and studied --

at your first opportunity. This publication forms the basis of the safety program within which

you willdo your welding. Fp the purpose of the present discussion, it is assumed that only

authdrized equipment, in good condition, properly handled, Properly set up and,operated, is

, employed in welding opera ions. in common with other lectrical devices, the eleCtric welding

I-
machines discussed earlier this chapter are a sours of potential danger from electric

`Shock. This hazard can be m imIzed by maintaining th equipmerft in good mechanical and

electrical condition. InApddition to good maintenance, it-is important to fealize that any
electrical circuit, whether it is high or low voltage, must be handled with utmo caution.

One of the principal dangers from welding circuits is to erroneously assume that4fsince they

are of low voltage, they can be handled without the hazard of dangerous shock. This is not

true, and particularly so if your body is damp from sweat or wet from rain. To avoid this

situation, make it a practfce'to.keep your body dryand insulated from both the work and the

electrodes or electrode holders. Never assume tha because a contact at one time was not

harmful that similar contacts at other times will a so be harmless,. Treat eleOricity with'

respect, and play it safe.
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EXERCISE: Answer the following questions and check your reponses-against thbse tisted at the

end of this study unit.

1. Select the metal that would require the greatest separation when you are spacing ,

sheet metal to control expansion andlcontraction.

a. Bronze c. Copper

'b. -Aluminum d. Brass,

2. When welding sheet metal, the purpose of quench pl'ates clamped parallel to these

a. to at as a ackup plate for-oiinforcement.

. -to decreite pansion and contraction by -abit-Irbing Mie heat.

C.1 to holdthe metal-in place for welding. -

to serve as'deflectors for-sparks,

3. When welding parts that cannot be moved to accommodate expansion and contractton,

they must be

a. galvanized. ._.

b. soaked. a d.' cooled.
c. stresslrelieved..

4. The recommended preheat temperature range for a cast-iron pump housing. is

a. 200 - 3000F.,

b. 300 500q. d. 700 .-'6000F.
c. 300. - 6000F.

5. All of.theMetals listed below would require preheating EXCEPT
A

a. Chromium steel. c. nickel-chromium 'steel.

b. stainless steel. d. high-carbon steel.
..

f i 3 1r
11..N G

6. When welding with a dc electrode, you can tell the correct polarit

..,
. .,

.,..q,, a. a hissing sound made by the arc.

b. 'a `sharp crackling sound made by the arc. .

c. an excessive amount of weld splatter. .

d. the absence of weld splatter.
. Ile

_r
....00*

7. When welding two plates horizontally; you should usualry hold the electrode at

a angle to the bare metal, with a tilt in the direction of

welding. , 4

a. 30° -- 200.

b. 900 -- 20° ,

being used by

c. 900 -- 5° to 15°'

d. 5° -- 150 to 90°

The anguiar,,positiOn in which the electrode is held, when welding joints requiring

fillet welds, influences welding operations by
t

a. allowing the'welder to see the weld bead.

b. determining the freedom from undercutting.

c. reducing the amount of slag present in the weld hose.

d. determining the amount of filler metal applied to the base metal,
t

9. While welding in the overhead.position, you should when the metal

sags.
.

a. shut off the welsier

b, maintain a short arc
c,._-.continue to weld, and chip off excessive meta

d. whip the electrol e away momentarily to allow:the metal to tool

10. Good penetration is considered to be

a. 1/32 in.
b. 1/16 in.

1/8 in. -

1/1 in.

11. The most dangerous hazard you must consider when working with *ding circuits is

a. work material falling on you. c. burns received by hot metal.

b. anpexploiiiln caused by the arc. .d. severe electilcal shock.
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1 12. Awareness of possible hafards, knowledge of ways to avoid or control dangerous
.../cInditions and are essential in any work.

a: safety consciousness c. type of metal

<-\ lb. safety rails
1.

d. .the position used
.

SUMMARY REVIEW-'
. . .

,. . i
In this study unit you learned'to . Jdentify.the basic e1e cents of Oectricity in arc

welding. You le#rned the construction and, types of welds: arc welding machine acces.tories,
t arc welding procedures, 'and igelding safety elctices. .

,.

Antigens to Study Unit #2 Exercises.

Work-Unit 2-I."-

ar -

1 - a. .

2. c. /
3. a.

4. a.

5. c.

6. c.

11-1,4 a. r
a.

VWork Unit 2-2.

`1.. a. Root
b. Toe
c. Face

2. a.

3. The,region of base metal that
4. a.

.45. b.

6. d.

7. c.

8. a.

9. d.

10. c.

11. b.

12. d.
.

13. .c.

14. a. Bead c. groove
b, fillet d. Tack

15. c.

,16. d.

17. a.%
18. b.

19. e.

e'v

isactually melted.

e. plug/slot

AP

I

<

Work Unit 2-3.

1. b.

2. Any device that protects the welder from intens* light, reflected glare, radiated
heat, and flying particles 'of hot metal.

3. c.

4. d.
o

5. c.

6. d.

7. d.

8. c.

C

t1/4.
."4 10. b.

2-59

AP.



Ir 1 . i Ibr.
L 1/-

, . $

11. a. Re esents the word "eTectrode,'.,,;,
3 le. Fi st two nulabers represent the tensile streng/ of the deposited.w6ld in 1,000\ kpounds per square i.nch. ;

1,
..

c ReprAsents the pos'ition in which the electrode maysbe.'applied.

,d. Indicate; one of theseven2subgroups (see para 2,3e,, end of paragraph!)

_12. a. Welding machine d. Protective devices.. g. Welding tales

b. Flexablep es e. ()hipping hammers h. ''136ckup 'Wt. .

c. Electrode alders % f. Wire ,hrUshes i. Electrode .

1

Work Unit 2 -4.

1. a.

Z. d.

3. h. i

4.

5. b.

6. c.-

7. c.

c.
9. a.

. 1 c.

fr. d.

111'
r

1,2. (1) d.

(2) k.

(3) i.
(4).m.

(5)

(6). ff

(7) oik

(8) rr.
(9) g.
(0) a.

((1121))

1.

j.

(13) e.
(14) h.

(15) b.

=

/.
.

Work Unit 2-5.

.L b.

2, b.

3. c.

4. ,d.

-5. b.

6. b.

4

7. c.

8. h.

9. d.

10. b:

11. d.

12. 43.

-

, .

,

2,

4

J

IP

'N 4
I

,'"c

.'N
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STUDDOHIT 3

.Gh-WELDING.PROCESSES-
.

STUDY UNIT OBJEC/1VE: UPON SUCCESSFUL COMPLETION OF THIS, STUDY UNIT, YOU WILL
IDENTIFY 05(YACETYLENE WELDNG EQUIPMENT, PROTURES OF' OXYACETYLENE BRAZING,.
WELDING AND. CUTTING OF METALS, GAS-WMING SA ETYTRECAUTIONS,-WELDING EQUIPMENT
TROUBLESHOOTING, AND INERT.GAS-ARC WELDING PROCEDURES.

oDxsCetylede.weldingAs a gas - welding process in Which the necessary Kgat is Otained by
burning mixture of oxygen qpd acetylene. These two gases are miXed in the desired
proportions in a torClimphichIan be tontr011edAy the operalor to provide any required flame
adjirstments. In general, the edges toile welded by this process must be properly prepared, and
consideration must be given to the correct spacing and alinement of the parts. A good veld
requires a proper torch tip size, correctflame adjustment, and skillful rod and torch
manipulation. Under some conditions, special ftocedui-es are necessary, such as preheating and-
slowdOoling (chap , see IV) and stress- relieving after welding. For welding some metals, a
flux is required to remove oxides:And slag from the molten metal and to protect the puddle from
the action of oxygen from the airy.% For-welding light sheet metal, the edges must be prepared
in abutt joint. No filler metal is required fo.r light sheet metal. For welding,heavy sheets
and-plates, Wier metal is required and the edges of the seam must be prepare4 to permit
penetration of the filler metal into the root of the joint.

Work Unit 3-1. OXYACETYLENE WELDING EQUIPMENT

.IDENTIFY TWO GAS CYLINDERS USED IN OXYACETYLENE WELDING BY COLOR CODE.

IDENTIFY THE -PRESSURE 'RANGES ON THE
a
TWO MIGH-PRESSURE GAUGES USED IN OXYACETYLENE

WELDING. 1

The equipment used fOr oxacetylene welding
consists of a source of oxygen and acetylene, together
with two regulators, two hoses, and a welding torch
with a cutting attachment or a separate cutting torch.
In addition; suitable goggles are required for eye
protection, gloves to protect the hands, and wrenches
for the various connections on the regulators, torches,
and cylinders.

I

Figure 3 -1. Acetylene cylinder.
...

N

/ A .
a. Acetylene cylinders (fig 3-1). Acetylene is a'fuel gas made of carbon and hydrogen

' (C2H2). When'hurned. with oxygen it produces a very hot flame of a mperature between
5;700° and 6000°F.5 Acetylene is colorless, but it has an odor tha Js easy to distinguish.
Acetylene stored in a free state under pressure greater-than 15 psi n be made to break down

1 by heat or shock,and will explode, Under a pressure of 29.4 psi, acetylene becomes. self-
explosive and the slightest shock will set it off. 4lowever, whem dissolved in acetone, it can
be compressed into cylinders at presures up to-250 psi. The acetylene cylinder shown ig figure
3-2 is filled with porous,materials, such as balsa wood; charcoal, shredded asbestos,Iftrn
pith, portland cement, or infusorialearth. Infusorial earth is a absorbent material compgsed
of decayed organic matter. It is used to decrease the size of the open sparces in the cyliWder.

. Acetone, a_cola-less, flammable liquid, is:added until about 40% of the porous material is
filled. Thefiller acts as a-sponge and absorbs the acetone, which in tiep)absorbs the tilift

acetyllre. When acetylene is used from a cylinder,. it should not be drawn off at a continuous
rate involumes'greater than 50 cu' ft per hour. .The 'precaution. is necessary to prevent the

. drawing Off of the acetond and consequent implirmont of the quality of the weld. Acetylene
cylinders are equipped with safety plugs having a'small hole in the center that is filled with
an alloy that molts at approximately120F. In case the cylinders.overheat, these plugs will
melt and permit the acetylene to escape before a dangerous pressure can be built up. ,The holes

, are also too small to permita flame fromburning,back into the cylinders, should the escapihg
gas become ignited.
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h. Industrial gas- identification. Because of the many types of industrial gases/that are

bottled and used for Various types of operat)pns, a rigid color' code has been established making

it practically fmpos'sible to confuse gases and mistake one gas cylinder for another-. Industrial

gases haVe been divided into eight classes each with a basic color. Industhial gases are always

marked with 'a basic color of lam4 medical, blue; toxic materials, brown; refrigerants, orange;

'-fuel, yelloWCfire fighting, red; inert, gray; and oxidizing, blaCk, except for oxygen which is

,green, Acetylene, which is a fuel gas, 4s always in,a cylindekpainted yellow wit the name of

thegas stenciled lengthwise -on two sides of the cylinder, in 2 filch letters. -Two 3.1/2- x

1/2,:in: oval decals 'are affixed to opposite shoulders-of the bottle to. show the name of the gas

and necessary precautions.for its use and handling. Bottles should never he painted any color

other than those indicated above. If it becomes necessary to camouflage bottles, either use

drape nets Or make covers for the bottles and then camouflage the covers. .

I

c. Oxygen cylinders (fig 3-2). Oxygen is supplied in green bottles and Marked to indicate

oxygen. Oxygen is tasteless, colorless, odorless gas that is slightly heavier than air. It is

nonflaninable, but when combined with other elements support combustion. Oxygen in its

free state is qne of the most common elements. The atfiosphere inoghich you breathe is made up

of approximately 21 parts of oxygen and 78 parts of nitrogen, the rest being fare gases. When ,

supplied for use in oxyacetylkle welding operations, oxygen is contained in a.seamless steel

cylinder (fig 3-2) which has a capacity of 220 tuft of oxygen.at a pressure of 2,000 psi At a'

temperature of 70°F. Rememberlthat anytime oxYgen comes in contact with oils or greases

underipressure, it will ignite violently. For this reason, DO NOT lubricate any oxyacetylene

equipment. This includes cylinders, valves, regulators, hoses, or any other apparatus. Remgve

any traces of grease from your handswhert working with oxyacetylene equipment.

TOPIN MONTT YAW, I wiTACNATII MVAI CAI
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Fig 3-2. 220-cu ft oxygen cylinder.

d. Regulators (fig,3-3). The gas pressure in the oxygen and acetyle ottles is too high

for normal usage and must therefore be reduced to a pressure suitable for working. This is

accomplished by the use of regulators. There are two types of regulators, single-stage and

'2 -step. The difference'between the two types as thatithe single-stage reduces the gas pressure

in ope step and the 2-step performs the same work in two stages and less adjustment is'

necessary. The one that is used most frequently and the one that you will'dome into contact

with will be the single -stage regulator (fig-3-3). The regulator mechanism consists of a

nozzle through which the high-pressure gases pass, a valve seat to close off the nozzle, a

diaphragm, and balance springs. Pressure glses are provided to indicate,the pressure in the

cylinder as well as the working pressures. The inlet gage is a high-pressure gage which

records cylinder pressure. The outlet gage'is a low-pressure gage which records the working

pressure. The acetylene regulators are of the ,same type as the oxygen, but are not designed to

withstand the high pressure as are those used with oxygen. In the oxygen regulator, the oxygen

'lasses through a glass wool filter onhe high-pressure inlet side, which filters out dust and

dirt. Turning the adjusting screw in allows_the oxygen from the high-pressure side to flow to

the low-pressure chamber of the regUatont through the regulator outlet to the hose. Turning

the adjusting screw tothe right increaelltythe working Pressure, and turning it to the left

decreases the working presl-Ure. On the oxygen regulator, the high-pressure gage 15 graduated

from 0 to 3,000 psi; on the acetylene regulator, it is graduated in cubic,feet from 0 to 220.

This permits determining cylinder Oessure and cubic content. The gages, are graduated to read

correctly ht 70°F. The workinqwpressure gage is graduated in psi from 0 to 50, 0 to200, and

0 to 400, dending on the purpbse for which the regulator is designed. For example,

regulators detigned for heavy cutting have gases graduated frdin O'to 400 psi.
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d Fig 31-3. Single-:stage rigUlator.

lo

e. Welding torches (fig 3-4). The oxyicetylene welding torches are used to mix the oxygeri
and acetylene gases ini'the proper proportiOns and tb control the volume of these'gases at the
welding tip. Torches have two needle valves, one for adjusting the flow of oxygen and one -f. kr_
'adjusting the flow of acetylene. In addition they have a handle,stwo tubes (one each for
.oxygen and acetylene), a mixingihead, and a tip. The tubes are silver-brazed tothe head and
the rear endforgings, wh {ch in turn are fitted into the hIndle. -Welding 00 are made of
copper and come in various sizes to handle a widetange of plate thicknesses. There are two
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A O. equal- pressure torch

Fig 3-4. Welding torches.

r".

types of welding torches, low-pressure and equal-pressure . In low-pressure type (fig 3-4A) ,

the acetylene, pressure is less than 1 psi. A Jet of high-pressure oxygen is necessary to 1"

.produce a suction effect which draws in the required amount of acetylene. This is accomplished

by the design of the mixer which operates on the injector principle. The welding tips may or

may not have separate injectors designed into'the tip. In the medium- or equal-presvrestorch

(fig 3-48) the acetylene is burned. at pressures from 1 to 15 psi. These torches areMad4 .to

operate at equal presjures for acetylene and oxygen. They are easier to adjust and, because of

the equalepressures used, you are less likely to get a flashback. This means that the flame is .

less likely to catch in or in back of the mixing chamber. Welding tips and mixers are made by

different manufacturers-and differ in design. Some'makes of torches are provided with an

individual mixing head for each tip. Others have one mixer for different sizeeeps. Some are

1-piece, hard copper tips. Others are 2-piece and include an extehsion tuboldmake a

connection between the tip and the mixing head. Tip sites are designated by numbers; each

manufacturer has his owarrarigement for marking 'them. Tip sizes differ in the diameter of the

hole to obtaim the correct volume of heat for the work to be done. No mptter what size tip you

use, in order to obtain the right flame and keep it burning properly, ,it must be kept clean.

Quite often these orifices (holes) become clogged, Obstructions cap be removed by the use of

tipcleaners (small wires of the proper diameter). Tips should not be cleaned, with drill bits

or hard, /sharp instruments, as these tend to increase .htle size and thus reduce efficiency.
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.. f. Setting up and operating equipment. In setting Op and operating oxyacetylene
equipment, a fire extinguisher should be available in the event of an emergencyK Remember that
you are working with a gas mixture that is highly flammable and explosive. Remove the cylinder
caps and open the valve on each cylinder slightly. This will iSlow out any Ortor obstration
that may be lodged in the outlet nipples. Attach the regulators to their respective cylinders_
and tighten the union'nuts with the apparatus wrench. Pay particulliattention to these

- regulators; do.not attach an acetylene regulator to an oxygen-cylin . To prevent this, the
,majority of acetylene cylinders.-.are equipped with Outlet valves with left-handed threads.
Attach the red acetylene hose to the acetylene regulator; both of these attachments have eft-
hadded threads to prevent mtsmatching hoses and regulators as well as torch controls. Attach
the green oxygen hose to the oxygen regulator; the threads on these attachments are right-hapded
and tighten with the apparatus wrench.v Release the regulator adjilsting screws by turning them
coupterclockwile until they are loosb: Open the acetylene tank valve to a maximum of 1 1/2

turns,-11/4 to 1/2'turn4is NORKIJ sufficient), Open the oxyggn tank valve to full open.

1

Never open,these valves until hu. haye released the regulator adjusting screws. Blow out eac 4
hose one at a time by turning the regulator adjusting screws-clockwise. After you have done -.-7"--

, this, release the adjusting screws. Connect the hose§ to the top*, red hose to the connection
gland'marke'd AC, and green hose to thegrand marked cix. Here again you encounter left-handed
threads on the acetylene connections artd right-hinded threads on the oxygen connections.
Select the proper tip size and attach to the torch. -Tighten the tip moderately. To adjust the
regulators for. the working ftessurei of the gases, open first the acetylene torch needle_valve
and adjust the regulator. to obtain' the Correct pressure, then 'close the valve and adjust the
oxygen working pressure in the sameelbanner. Working pressures will differ for the type of work t k
being performed and the tip Size.

g. Flame adjustment. To light the torch, open the apirt;lene needle valve and light the
torch. 'When pit WO is first lit, theris,not enough oxygen to provide complete combustion;
therefore, the flame is long and bushy and yelloWish'in. color: Before opening the oxygen. -

valve, adjust the acetylene until the pdre acetylend"flame leaves the end of the tip so that
the base of the flame is approximately 1/16" to 1/8" away from the face of the tip. At this
adjustment the flame is stable and free from flashbacks and backfires. Open the oxygen valve -

slowly untilthe flame changes to a bluith-white color andorms a bright inner cone surrounded
by an outer flame envelope or sheath flame. The next step is to,begin to weld.

WHITE Tq BLUE CONE

NEARLY COLORLESS

BLUISH 10 ORANGE COIIE NEVI RAL ZONE

-
KAM AS SEEN WITHOUT

WELDER'S porAus

WHITE CONE

NEUTRAL FLAMINge

ORANGE TO PURPLISH

7. --
TLAMI AS StIN WITHOUT

WILD1R'S GOGGLES

INTENSE WHITE CONE

WHITE OR COLORLESS

yORANGE TO BLUISH CONE4

AS WITHwa'so`

OXIDIZING FLAME

FLASIII AS StIN WITHOUT
WILDER'S GOGGLES

REDUCING FLAME

CLAMS AS SUN WITH
WELDER'S GOGGLES

----
n.who AS SI1N WITHwaotrs wants

REDUCING ZONE

Fig 3-5. -Oxtacetylene

1 4

i
h. Oxyacetylene welding precautions. When you are involved in any oxyacetylene welding

operations there are a few precaulions. you should observe to' peoduce a sound weld. Not only
does skill in controlling the motion of the flame, the.eod, and the molten pull of metal

-produce a good meld, but some of the. steps listed below are necessary: . .

' n
Use a neutral flame for welding most steels.
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state

the tip size and volume pf flame sufficient to reduce the metal to a Molten

state and permit complete fusion of the filler rod and the base metal.
1

Avoid eiccessive pressure of the gases as this gives a harsh flame and makes it

difficult to control the melting metal.

Permit the pool of molten metal to progress evenly gown 'the joint as the weld is

being made.

Hold the tip of the inner cone (fig 3-5) slightly above the work and do not permit

it to come into contact with the welding rod, the molten pool, or the-base metal..

Hold the flame so that the molten pool is protected from the. atmosphere by the

outer flame envelope (fig 3-5).

EXERCISE: Answer the following questions and check your responses agailtst those listed at the

end of this stu4y unit.

1. A method that wiPproduce a weld without filler metal or pressure when-light sheet

metal is being welded is 4
...tg .

a. oxyacetylene welding.
t

c. forge welding.

b., brazing, 'd. .resistance welding.

2. The reason acetylene gas cap ilConfined ln cylinders at 250 psi without becoming

explosive is the

a. cylinders are'filled with absorbent material.

b. acetylene ft dissolved in acetone under pressure.

c. cylinders are only filled 40%.

d. cylinders are equipped wtth'safety plugs.

3. The statement-which:best describes oxygen is that

i

.a. it is always combined with other gases.

b. it is much lighter than air..

c. it supports combustiontby combining with other gases.

d. it passes a distinctive odor. .

The h pressure gauge on the inlet side of the oxygen regulator is graduated from

to psi.

P

a.w 0 - 1,000 c. 0 - 3,000

b. 0 - 2,500 d. 0 - 5,000

*

5. A cylinder of gas that bares no marking except for the orange color of the cylinder

contains a (an) gas.

a. refrigerant c. oxidizing

b. fuel d. oxygen

6. The high pressure gauge on the inlet side of the acetylene regulator is graduated

from

a. 0 to 220 cu. ft. c. 0 to 1,000 psi.

b. 0 to 200 cu. ft. d. 0 to 2,0'J0 psi.

.The maximum number of turns that 'the acetylene tank valve should be open is

a. 1. c. 2.

b. 1 1/2. d. full open.

8. A welder using a 2-step regulator has the ad;antage of'

a. reduced total pressure. c. less pressure adjustments.

b. sifety. d. increased working pressure.

k 110
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,9. The best means of identifying an oxygen hose from an acetylene hose is

a. by the left-hand threads on the brass coupling.
b. that it has the word "oxo" stampedip it.
c. that an Oxygen hose is red.
d. that on oxygen hose is green.

10. The color of an acetylene bottle is

a. yellow. c. green.

b. orange. d. gray.

11. The color of an oxygen bottle is

, a. yellow. c. green:
b. orange. . d. gray.

Work Unit 3-2. OXYACETYLENE BRAZING

IDENTIFY THE TWO ALLOYS USED IN BRAZING. .

. . .

a. Brazing with silver -based alloys. Brazing with silver-based alloys (commonly known as
silver soldering) is a-1 process where bonding is produced by heating the metal to.a suitable
temperature.above 8000P, and using a silver alloy filler metalPthat has a melting point belov)ii

- that of the base metal. Joints designed to employ capillary attraction (the principle by which
an ink blotter blots up ink) are best suited for silver soldering because of high strength

. obtained( Becauselof the low flowing temperature of the silver solder, less 'heat is required,
thls offerim a number of advantages. The low temperature used in silver soldering avoids the

/..--' heOting ofthe parts to be soldered to a point where the physical properties of the metals will
be impaired by distortion, warpage, loss of ductility, etc. Silver alloy filler metals can be
uledori virtually all ferrous and nonferrous metals with the exceptions of aluminum, magnesium,
and metals h ving a melting point below that of the solder itself. Practically any metal that

can be heat above 1,200°F.can be satisfactorily joined. The strength of a silver-soldered
\t jointdem s on the joint fit-up or the distance between the two metals'being solderpd, and

th qbality of the bond between the filler metal and the base materials. The heat reguired on
, F
- ih4 We metal opens the pores, so to speak, on the base metal and allows.the solder to

\pe etrate these pores along the surface of the two met . This,Chuses a physical bond between

iller and the base metal. It is this bond that p uces the high strength of a soldered1joint. Parts that are silver-soldered should not be u where they are to be subjected to

temperatures that exceed 500°F. The silver solder bond becomes progressively weaker as the

temperature increases. Silver solder can be obtained in grades with a silver. content ranging

from 10% to 80% and having a melting point from.1,1600 to 1,600°F. It comes in strip,

wire, rod, and granulated form. The strip form is generally used io fixed setups where the
solder can be placed before heat is applied. The rod and wire forms are mainly used for joints
where it is prefei.rable to apply the solder-by hand. The type bf joint used is'an important
factor, as the preparation, fit-up, and results obtained differ from those obtained in 'fusion

welding. Silver solder should not be used as a filler material. These alloys flow inOlarrow
openihgs, and the strongest joints result from using small clearances between joint sutfaces.
The recommended joint clearance at soldering temperature is between 0.002 and 0.066 ilia.
Basically there are two types of joints used in silven soldering, the lap joint and the' square
edge butt joint (figs 2-6 and 2-10). The lap joint is the most common, as it employs capillary
attraction and is the strongest. To insure quality and a good sound soldered joint, it is

, important that a clean, oxide-free (scale-free) surface be used. All oil, grease, rust, 'dirt,

and oxides must be removed from the base metal and the filler rod to insure complete capillary
attraction throughout the joint. Any coating over the parent (base) metal must also be
removed, for example paint and lacquer, as well as plating materials, such as chromeagadmium,
etc. tt is recommended that soldering be done as soon as ptssble after cleaning of the base

metal and filler metal.
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41) Fluxes. A flux is required when silver soldering to effect a good,' strong, uniform

- Jai: A good flux should accomplish a number of objectives. It should react with

surface films, such as oxides,' reducing them and enabling the metal to present

clean surfaces to the molten silver alloy. It should forma protective film during
the soldering and thereby prevent reoxidation at the elevated temperatures required

for the soldering, and It should allow the silver alloys, to plow freely. The use

of a flux does not avoid)the need for cleaning the parts before soldering. The

purposes of theflux is to suppl t the initial cleaning procedures by

dissolving, restraining, or othe e rendering ineffective those prodUtts that '

would otherwise lessen the qual ty of the Joint or.prevent bonding. Flux comes in
/Ng

a variety of forms, such as powder, pastes liquid, and solid coating for

application to the-silver alloy filler metal, Fluxes must be removed after
soldering is completed, since trapped fluxes can weaken and corrode the Joint.

(2) Heating. Joints. Since oxyacetylene torches provide the highest flame temperatures,
the torch should be large,enough to allow the use of a neutral or slightly

carburizing flame. The tip size depends on the thickness of the base metal. Wet
let the inner cone or carburizing flame touch the metal, as this will cause the
filler metal to be slUggish at,the flow point and the flux may be burped. The

torch should be kept.in motion ail the time, as holding it in-one p144-too long

can easily overheat the base metal and flux. If apart is overheated, capillary
action is hindered and the parts must be recleaned and all oxides removed. Low

heat and cleanliness are the secrets in silver soldering. On a large scale you

must preheat the metal well away from the- joint, especially when soldering metals

which heat'rapidly thromohout. Care must be taken when soldering metals of unequal
thicknesses or unequal Mat conductivity, because it is necessary that each reach
the soldering temperature at the same time. The indication of complete bonding

. through,: Jointoint is forming a small fillet at the face of the Joint.

b. Brazing wiih copper-based alloys. A process that utilizes comer-base filler alloys,
but employs joint-designs similar to:Woe used in oxyacetylene and arc welding, is known as

braze welding. The fact the brazing welds without melting the base metals greatly simplifies

the welding procedure, and since it requires less heat, the speed is increased. Consequently

less time and less gas are required to do a given job. Because of the less heat required for

brazing, preheating is easier. All that is needed is local preheating (800 °- 900°F).
u

Naturally, expansion and contraction are greatly reduced, thus making it possible to repair

broken castings and other parts in place, saving time and the expanse of dismantling and

reassembling. Brazing is widely used not only for welding broken castings, but also in the

rebuilding of missing or worn parts such as gear teeth, valve disks, and seats. Pistons,

rotary valves, guides, and other sliding surfaces on pumps, eqines, and machinery parts may be

successfully repaired and rebuilt with braze welding. Braze welding should not be used where

it would be subjected to temperatures in excess of 65000F. The best filler metal for brazing

has about 60% copper and 40% zinc content. This ratio will produce the best combination of

high tensile strength and ductility. The alloy possesses considerable strength when hot and

solidifies quicker than any of the other copper-zinc combinations. This is an additional

advantage, since a quick- freezing alloy has much better weldability than one which remains

mushy over vwide temperature range. Stron braze-welded Joints depend on proper preparation,

the correct technique, the strength of the iller alloy, and (the bonding of filler alloy and

the base metal. Adequate preparation, which includes thorough cleaning, is essential. Removal

of all oxides, paint, and plating substances from the Joint surfaces is necessary. The metal

on the underside as well as on the top of the Joint must be bright and clean. If the parts to

be Joined are less than 1/4 inch thick, it is not necessary to "V" the edges, but if the baie

metal cross section is over 1/4 inch, the edges must be beveled (cut at an angle) to about a

90 °V. The cleaning of the Joint surfaces should extend back from the joint about 172 inch to

permit easy tinning. Without timing, a satisfactory braze-welded joint is impossible. Once

you have the parts properlysleaned, the next step is to aline_the parts by the.use.of clamps

or tack welding. When braze-welding a casting, you must heat it along the line of the weld,.

The temperature of the welding heat will set up strain; due to expansion and contraction,'

unless the casting is preheated. In small castings, up'to about-100 pounds, the heat from the

torch isiufficient to preheat the entire casting. Besides providing for the relief of

stresses, preheating speeds up the brazing operation and requires the use of less oxygen and

acetylene.

(1) Fluxing. The use of flitx is essential when braze-welding with oxyacetylene.. It is'

needed for two reasons: to remove oxides that form ahead of the welding zone due

to oxygen in the air, and to dissolve the oxides formed in the brazing operations.

Useplelity of flux but add it carefully. The puddle should not be made mirror

clear, but should be slightly clouded with oxide.. Where the welding is rapid, it

is best to coat the-entire filler rod with flux. If the operation is slow, as with

heavy castings, you can dip the hot end of the filler rod into the flux and add to

the puddle as required.-
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(2) Tinning. After you have properly prepared, cleaned, alined, fluxed, and preheated
the parts, if necessary, you tack-weld them. together. Then you heat the metal with il

a torch at the poiqt where the weld is to start, using a slightly oxidizing flame.
This aids in serving a better bond between the filler and base metals and assists
in keeping a slight film of oxide over the puddle. Play th orch, using A .,

circular motion, over the part to be heated. As the base metal--

;

ts hdt, test its

eg-

temperature with a drop of metal from the welding rod. When the ase metal
temperature is right, the. molten filler metal spreads evenly over the surface,
producing a tinning coat on the base metal. You can tin the base metal only when -°.

conditions are right. If the base metal is too cold, the filler metal will form
little balls like drops of water, on a hot stove. Tinning is the most important
step in the braze-welding'Operation. The free-flowing film of alloy forms the
intimacy of contact necessary for the. bonding of base metal and filler metal. When
the immediate area under the flame is tinned, additional metal is added as

.

necessary to fill the V. Tinning must at all times continuously precede filling
the joint. As the tinning action progresses, you continue to feed the bronze
welding rod into the molten pool to build the weld to the desired size. The puddle,
should be small in size, but increase as it is moved forward until it completely ,

. fills the V and a full-sized braze weld is made. Good braze welding combines into
one continuous action and tinning and the building up of the Weld. The.inner flame
cone is kept from 1/8 to 1/4 inch away from the surface of the metal. Usually the
flame is pointed ahead of the completed weld at about a 450 angle, with the
puddle under and slightly'behind the flame. The proper rate of braze welding is.
controlled by the rate of tinning; never.flow the rod faster than the tinning
action. After you have finished the welding operation; you should play the torch
over the weld and on either side of the weld for several inches, continuing this
until all paitts have been brought:to an even heat. The parts shOuld be allowed to

' cool slowly bind should be protected froin drafts and cold air. Never stress' (try to
bend or use in any way) a briaze-welded joint until. it .has cooled completely.

c. Hard-surfacing. Surfacing is a process in which a layer of special ferrous..or
nonferrous alloy is welded.to the surface of a new or used part to increase resistatce to
impact, corrosion, abrasion, erosion, or to obtain other propertiei. Surfacing is lso used to
build up undersized or worn parts. Hard-surfacing alloys are of many types, each one best
adapted to combat the destructive forces in a given operation. No single hard-surfacing
material is satisfactory for use on all' occasions. For the purpose of simplification, these
alloys are generally classified into five broad groups:

(1) Group.1: Consists principally of an iron base with less than 20% of alloying
elements.. The alloying elements used are mainly chromium, tungsten, manganese,
silicon, and carbon. Although not as hard, they have greater toughness and shock
than other hard-surfacing alloys. They are used to build a badly worn surface
before applying a better grade of hard-surfacing alloy.

(2) Group 2: consists of iron-base alloys having 50% to 80% and'more than 20%
alloying elements, mainly chromium, tungsten, manganese, silicon, and carbon.
Small precentages of cobalt and nickel are sometimes added. These alloys are used
for hard, wear-resisting surfaces.

(3) Group 3: Consists of nonferrous alloys of cobalt, chromium, and tungsten, as well

.

. .

as other nonferrous hard-surfacing metals. They are available in different
grades. All are highly resistnat to west, but possess a toughness and range in

1.1 strength that permit use for 'a wide variety of purposes. They resist heat
corrosion and errrosion. These materials are used extensively for fabricating valve
seats in internal-combustion engines:

(4) Group 4: Consists of alloys of so-called carypide materials or diamond substitutes
which are the hardest and most wear-resistant of all hard-facing materials. Some
of these alloys contain 20% to 90%,tungsten carbide. The remainder of their
content is cobalt, nickel, iron, or similar metals. They give strength, toughness,
,heat resistance, and impact strength to the tungsten carbide.

(5) Group 5: Consi4sts of alloys of crushed tungsten carbides of various sizes. These
may be fused to strips of mild or low -alloy steel embedded in hard-surfacing
material, or they may be packed in lengths, which may be applied to the wearing
surface as welding rod.
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In general, the hard:surfacing alloys or materials can be applied by either the oxyacetylene or

. the electric-arc methods of welding. Alloys in groups 1 and 2 are welded to the base metal or

surface. Care should be taken to avoid puddling or mixing the base metal with the
hard-surfacing material, as this will lower the wear-resistance properties of the surfacing
coating. Those in group 3 are usually "sweated" to the surface, as in brazing, without melting

methe'base ti). None of the base metal penetrates into the hard-surface layer to reduce its -*-

resistance tr abrasion or wear. Thepaterials in groups 4 and 5 are not melted, but are bonded
by or embedded in mild or low -all steels or hard-surfacing materials, which in turn are

welded to the base metal. Hard-surfacing 'alloys are supplied with an oxyacetylene flame and
rods of suitable design when it is desited to spread the material or metal oyer the surface in

thin layers. The electric-arc method-is used when the surface wear, is severe and a somewhat
irregular surface of the deposited Metal is satisfactory. Before applying hard-surfacing
materials, the welder should determipe the conditions under which the particular piece will
operate and the type of wear expected. There may be present any one or more. of the following
factors which will increase wear: shock and impact, heat, corrosion, sliding or rolling
'friction, or abrasion. In rock-crushing and similar equipment where resistance to shock and
impact is more important and hardness only secondary, the hard-facing alloy of groups 1 and 2
are used. In valves designed for handling gas, oil, acids, high temperatures, and high-pressure
steam, resistance to heat, corrosion and erosion is provided by the group 3 alloys. Group 4 7

and 5 alloys, being very tough and extremely hard, are used where the wearing surfaces cone
into contact with earth, sand, gravel, as on blades of scrapers, grading equipment, rotary
drill bits, teeth on shovel buckets, and similar applications where a high resistance to
abrasion is desired. 'In most cases, worn sections are rebuilt with hard-surfacing deposits
ranging.from 1/16 to 1/4 'in. thick, depending on the specific application. Where it is
necessary to rebuild the parts in excess of 1/4 in., the parts are built -up with group 1 type

alloys to form 1/16 to 1/4 in. of the finished size. The final hard-surface deposit,
consisting of groups 2 and 3, is added with some excess to permit grinding to the final detired

dimensions. When thelharder and more brittle groups 4 and 5 are applied, either as a final
hard facing, or a'single layer, the shape of the deposit should be carefully controlled. This

is important in, order that the shock or impact loads may be transmitted through the
hard-surfacing metal into the tougher base metal. Corners, sharp edges, or built-up sections,
when not backed up by tough base metal, will chip or break off in service.

EXERCISE: Answer the following questions and check your responses ajainst those listed at the
end of this study unit,

1.. The most common Joint used in silver selderingis joint.

a.' lap ,c. single-J

b. single -1V d.. single-bevel tee

4
2. The recommended joint clearance at soldering, temperature is between

a. 0.002 and 0.005 in.
b. 0.02 and 6.05 tn.

c. 0.005 and 0.008 in.
d. 0.008 and 0.0T2 in.

3. ben brazing a cast-iron part, the base metal is at welding temperature when

a. the part appears yellow .1
b. a tinning coat is produced.
c. the flux appears like water on a greasy suffice.
d. the base becomes soft.

"4. To obtain high resistance to abrasion, you would hard-surface the teeth in a power
shovel bucket with group hard,surfacing materials.

a. 1

b. 2

5. The two alloys used in brazing are

a. lead and copper
b. copper and silver

c. 3

d, 4

based alloys.

c. aluminum and lead
d. magfIesium and silver
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Work Unit 3-3. ,OXYACETYLENE WELDING

DESCRIBE THE TWO WELDING TECHNIQUES.

a. Welding techniques. Oxyacetylene welding may be accomplished by either of,two
techniques, forehand or backhand. Each has special advantages and the one used depends on the
position of the rod and torch during welding, not the direction.of welding. As far as,
direction is concerned, you can Weld from left to right or from right to. left. The best methbd
to use depends on the, type of joint, its position, and the necessity for controlling the heat
on the parts to be welded.

(1) Forehand (fig 3-6). This is the oldest
method of welding, and the one Used most.
In forehand welding, the rod is kept
ahead of the tip in the direction in
which the weld is being made. Point the
flame in the direction of the welding
and hold the tip at an angle of about
600 to the plates. The position of 4
the flame'preheats the edges just ahead
of the molten puddle. By moving thetip
and the welding rod back and forth
opposite, semicircle paths, you balanee.
the heat to melt the end of the rod and
the sidewalls of the joint into a
uftiformly'idistributed molten puddle. As
the flame passes the rod, it melts a
short length and adds it to the puddle.
The motion of the torch distributes the
molten metal to both edges of the joint
and to the puddle. This method 4s used
in all positions for welding sheets and
plates up to 1/8 inch thick,-because it
permits better control of a small puddle
which in turn results in a smoother weld.

(2) Backhand (fig 3-7). In this method the
torch tip precedes the rod in the
direction of.'weIding, and the flame is
pointed back at the molten puddle and
the rod. The end of the rod is placed
between the torch tip and the molten
puddYe, and the welding tip should make
an angle of about 600 with the plates 0/

of joint being welded. Less motion is
required with the torch and tip than it
is in the forehand method. If you use a
straight welding rod, rotate it so that
the end will roll from side to side and
melt evenly. You may also bend the rod
and, when welding, move the rod and
torch back and forth at a rather rapid
rate. To mane a large weld, you should
move the rod so as to complete circles
in.the molten puddle. Move the torch
back and forth across the weld while"
advancing it slowly and uniformly in the
direction of the welding. You will find
the backhand method easier for welding
'material thicker than 1/8 inch. You can use alarrower V at the joint than is
possible in forehind welding. It doesn't take as much welding rod or puddling,.
and it.is possible to increase welding speeds and abtain better cbntrol and more
complete fusion at the root of the weld by the use of thi.backhand method on
heavier materials.

0-

Fig 3-6. Forehand welding.

Fig 3-7. Backhand welling.

b. Welding ferrous metals. Low-carbon steel, low-alloy steel, cast steal, and wrought
iron are easily welded with the oxacetylene flame. A flux is not necessary with these metals,
but it is essential that the molten puddle of weld metal be enclosed at all times by the .

envelope of flame during the welding process. If the molten metal is allowed to contact the
air, it will oxidize rapidly. Excessive heat should be avoided, as tool arge a.flabe
overheats the metal, and causes it to spark and burn. Either the forehand or backhand welding
technique may be used. The torCh'flame should be neutral or slightly reduced; do not use
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oxidi ing flame. Manipulate the torch and rod so that the tip of the oxyacetylene cone is

abou 1/16 to 1/8 in. from the surface-of the-metal. Melt.the end of the filler rod in the

puddle, not with the flamer The welding pf low-carbon steels and cast steels poses no

problems other than the selection of the rod. Low-alloy steels usually require prewelding and
postwelding heat-treatment to relieve stresses developed during welding and to produce the

required physical properties. As the carlbon colotent increases, welding becomes more
,Steellichaving a carbon content within the range of 0.30% to 0.50% are welded with

a slightly reducing flame and require pOstwelding heat treatment to develop the best physical

properties. Otherwise, the technique is the same as for welding mild steel. High-carbon and

tool steel require a slightly different technique. Slow preheating with the part protected

from cdol drafts to about 11,000°F is necessary. ,No flux is needed, but the weld should be
completed as soon as possible with a garburizipg flame. Filler metal should be added a drop

at a time4just where it is needed. To avoid overheating, use a smaller flathe and lOwer gas

messure than that used for mild-steel. High-carbon steels must be heat-treated after welding

to develop the physical properties required. The procedure for welding wrought iron is the

same as that for low-carbon steels; but several points should be-kept in mind. Wrought iron,

as you may recall, contains an iron silicate slag incorporated during its manufacture. This

slag will give the surface of the molten puddle a greasy appearance, so do not confuse this
appearance with actual fusion, but continue to apply heat until the sidewalls of the weld

joint break down into the puddle. Best results can be obtained when the filler metal (usually
mild steel) and base metal are mixed iN the molten puddle with a miajmum of agitation.
Usually a single V -joint with a..600 to 800 -groove angle and a 1/16-11hch root opening is

suitable for metal thicknesseerequiring'an edge preparation.

c. Welding nonferrous metal. While brazing and braze welding are usel more extensively t

than oxyacetylene welding to make joints in nonferrous metals, the fuSion process is .

.frequently applied. In general, the joint designs forIvelding nonferrous metals are the same

as those used for welding steel. Adequate cleaning erthe weld 'parts, the Pse of flux a J

filler'metal are necessary but with an oxidizing flame none is required as the ed

on the surface will protect the molten metal. Becauseof the high thermal cond tiv y of
,copper, preheating to 500° to 800°F is necessary to bring the joint up to welding

temperature. For the same reason, use a torch tip one or two sizes larger than that used for
welding steel'of the same thickness. After welding iscompleted, cool the part tloWly.
Copper-zinc alloys (brasses) are Welded with the.same technique except that.a silicon copper

rod is used. A 200° to 300°F preheat is satisfactory for brass. A slightly different
technique is used for copper-silicon alloy than that used for copper and copper-zinc. Using a

flux containing a high boric acid content and a slightly oxidizinb flame, maintain a Wall
molten pool of metal and add filler metal having the same compositionas the base metal. As

the welding progres'es, dip the rod beneath the flip covering the puddle. A small puddle is

desirable to permit the weld to solidify rapidly.wTo weld the copper-nickel alleys, use a rod

,rf

having a.composition the same as the basemetal and a flux designed for monel.. With a brush,
apply the flux 40 the form of a thin paste to all parts of the joint and to the rod. Use a

lightly'reducing flame adjustment, with the tip of the inner cop just touching the base.

oal. Keep the end of the rod within the envelope of the flame, adding to the molten pooT

ithout agitating the pool. Limit the welding of the base metal to no bore than is necessary

o insu a good fusion. Run the weld the cqmplete length ofd` the joint without stopping.

A he weld is completed, cool it slowly and then remove the remaining traces of the flux

whip warn water. For the welding of .nickel or high-nickel allows, a good cleaning of the weld
jefirnt is essential. 'Straight nickel is welded without a flux, but high-nickel alloy requires

a special boron- and-borax-free flux applied as a thin paste with a,small brush. Both sides

.-of.the seam, top and bOttom, and the welding rod have to be coated with the.flux paste. Make

the weld with a,very slight reducing flame, keeping the flame soft, and.eOng a tip about one

size larger than that used for steel of the same thickness. beep the tip of the cone in

contact with the molten pool and the welding rod within the protective flame at all times.

After the weld is completed, postheat the part, and allow it to cool slowly; then remove the

flux with warm water. Sucessful weldi g of these, or for that matter any metals, requires a

}I
great deal of skill that can only con from practice.

EXERCISE: Answer the followtng questions and check your responses against those listed at
the edd of this study unit.

1. In welding with the forehand or the backhand method, the angle between theorch
tip and the work piece should be approximately

a. 15°.

b. 30 °.

c. 60 °.

d. 90°.
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2. In welding low carbon-steel the torch should be adjusted

a. $0 use equal 'volumes of acetylene and oxygen.
bo to a slightly. oxidizing flame.
c. until the flame.makes 4 slight rushing sound.
d. to a neutral or slighttY)reduc4ng flame.

3. The tip si e for welding non-ferrous metals,should be
t required or welding steel of ire same size.

a. 1

- b. 3

izes

44. Describe the forehand technique of welding.

c. 4 sizes
d. '5 sizes

"in

c

larger- thap

5. Describe the backhand technique of welding.

Work Unit 3-4. CUTTING METALS WITH OXACETYLENE

IDENTIFY THE PROCEDURES FOR CUTTING METALWITH OXACETYLENE.

IDENTIFY THE FOUR TECHNIQUES USED IN CUTTING METAL.

IDENTIFY TWO GAS- WELDING SAFETY PRACTICES.

a. It may be hard at first to realize that you can use th xyagtOeue process for. both
welding and cutting, one being the exact oppesite'of the oth .,

is not o hard to
But' thiprinciple that

enables you to cut through inches of tough steel in,a shor ime

understand. The prihciple is that steel, when preheated t4
!t

kindling t mperature range
(1,4000 to 1,6000F), burns.very rapidly in an atmosphere f pure oxygen.? o when a Jet of
pure oxygen is directed on red-hot steel, a chemical re tion takes place. This reiction
forms iron oxi e and gives ofT a lot of heat. /This hea is sufficient to melt the'iron oxide

and some free Iron which runs off as molten sT811-expos ng more iron to the jet. It might be
said that the burning or oxidizing process is an extremely rapid rusting, the rust being
formed under heat. Only the metal that is in direct path of the oxygen jet is'affected. When i

the steel is cut, a narrow slit known as a kerf 4s found. The steel or iron that is removed
from the kerf is on about 60% to 70% oxidized by the oxygen; the remainder ts blown out the
opposite side as tallic iron. The walls of the kerf thht are formed by t is cutting action
are fairly smooth nd mallel to each other. Under skilled workmanship /and controlled
torches, very accurate-Cuts can be made, and the cutting torch become An indispensable tool
in ,the shop.

1

1-
v. f

(1) Cutting. equicment. In general; the oxyacetylene cuttinTeqUipment is the same as

ns, burning the mixture in
d directing a Jet of pdre

of the cut. The I

the oxyacety ene welding equipment, with the exception of the torch. The cutting
torch mixes oxygen and acetylene in-definite proporti
preheating flames,which are allowed to heat, the work,
oxygen at high pressures to er the metal along the
cutting torch ,(fig ,3 -8A) consi of a handle, coOnecting tubes, and a head. The'
handle 'is, qUfipped With the oxyge arid acetylene hose connections at to rear
end. A needle valve in the acety ene inlet connection controls the sOply. The
oxygen furnished. to the preheating flhmes'is regulated by a preheat valve on Me
side of the handte. A high - pressure oxygen ialveofith its Apring and seat
operated by a trigger or lever,,controls the cutting oxygen. The preheatinL
ecetyl,neand oxy eh.are mixed, in the head of the cutting torch. Theri is also' a"

cutting attachment which fits the,head' of the standard Welding' rch (3 -8B). This

attachment is very useful .for intermittent cutting and welding" lighter

sections. With this type of attachment, the preheating ga et ar mixed in the
torch head and are controlled by the oxygen acetylene need elealv s. The .

high-pressure cutting, oxygen is controlled,by the ougen V ve lever located on

the cutting attachment. The use of this attachment is n ecommended for
Sustained heavy cutting operations. Srch work should be one with hey -duty
cutting torches.
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Whether you use a cutting torch orrcutting attachment,..you will notice that the

3tips are made the il'ame way. The'cutting tip is made with a number of orifices as 1

shown i figure 3-9, The jet of oxygen that actually does the cutting.is emitted

from th center holes and the smaller holes surrounding the center hole-are for

oxyace ene,preheat flames. Jhe tip size -is usually marked so that the larger

the is; the bigger the -tip is. The taper-sealed, separable cutting tip is

held frn th cutting torch head bY the tipmnut. Cutting tips are supplied in

various length.and shapes as well as sizes. Bent tips are used under various

conditions such as gou ing, scarfing, rivet cuttin , and flame machining. When

FigS-9. Cutting tip construction. nt

,

using the cutting torch, dor* hold the tip too close to the metal when starting a

cut, as the blowing action'of the oxYgen7blast tends to bounce the molten metal

and slag from the cutback tp the torch tip. When this happens, the, tip holes must

be Aeeaned With the proper-size tip cleaner;, Don't improvise. Use the

proper-size tip cleaner and push it into the clogged orifices; don't rotate it.'

If the end of the tip,becoilles rough and pitted andlthe Niles become oversize

(bellmopthed), you can recondition it by placing a piece of emery cloth, grit side

ti 3-1,4 4
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up, on a flat surface, and holding the tip perpendicular to the emery cloth,
rubbing it back and forth just enough to true thecsurface and bring the orifices
back to the original diameter. After cleaning the tip, test it. Iffthe flames
are short, lhe gas passages are partially blocked and if the. preheating flames
snap out when the valves are shut, the holes are still bellmouthed and the surface
needs more work.. If the tip seat is dirty and scaly, heat it to a dull red and

quench in'water. This loosens the scale-enough so that it can be removed easily

with*a cloth. Tip style and size are governed by the operation being performed
and thickness'.of the material being cut., Cutting-tip numbers, gas pressures, and .

hand-cutting'speeds used for cutting mild steel up 'to 12 inches thick hre shown in

figure-3-10.
$

1 *

-Plate
thickness . Cutting tip (1)

(in.) - (size number)

1/4 0

3/8 1

1/2 1

3/4 2

1 2 1

1 1/2 3

2 4
,

3 5

4 5

5 6

6 6,\
8 7

10 . 7

12 8 4

P!'

Oxygen
. pressure Acetylene

(psi) (psi) '

Hand-cutting
.,speed

(in. per min)

30 3 '416 to 18

30 3 . 14.5 to 16.5
40
40

4 3

3

12 to 14.5
12- to 14.5 fir

50 3 8.5 to 11.5
1* - 3 6.0 to 7.5

50 3 5.5 to 7.0

.

45 4 5.0 to 6.5

60

lir

4.0 to 5.0

50
55

4
% 5 .

3.5 to 4.5

0 6 2.5 to 3.5

70 6 2.0 to 3.0

,0 6 , 1.5 to 2.0

(1) VariOus manufacturer do not Adhere to the numbering of tips as set forth in this table;

therefIre, some tips ay carry different identification numberst

r
IIIP

'-4

F1g 3-1(). Oxyacetylene cutting information'.

(2) Operlin9 cutting equipment. Attach the pronerr tip to your cutting torch for the
thTckness of the metal to be cut and adjust the oxygen and acetyle e pressures.
For cutting medln steels, adjust the p heat flames to neutral. old the torch

perpendicular to the work, With the inne codes abdut 1/16 in above the end of the

line to be cute Hold the torch in this osition until the spot beneath it has

been raised to bright red heat; then Ope the oxygen valve slowly but steadily.
If the cut has been started properly, you should see a shower of sparks fall from

, the opposite sidiMbf the work; indtcating athe cut.is4going through the metal.
"'Move your torch forwafd along the line faetenough-Jor the cut to continue to
completely. penetrate the work. If you have ?node the cut properly you will get a
clean, narrow keil Ilvich _looks ltke one you might get by sawing. You wilI have to

move the torch along at just the right speed, not too fast and not too slow. If

your cutting speed is too slow, the preheat flit* will melt the edges and tay weld

them back together. If you go too qst, the oxYgen will not penetrate completely
through the metal And you will hovel° stop and go back and start the procedure
over again:. Try to make a_smooth cut. Anyonewho can light tho torch can cut
steel.after a fashion, but it takes a sharp metalworker to get a_smooth'cut. If

it isn't perfect, chick the following points:

Preheatin flames. The cut will ap a) gouged at the bottom if the flames are

o s or e flames are too on top of the cut will be fused

ogether.

OxAin]pressure. Too low an dtyRen pressure will,melt the top edges.
pressure is too high, the cut wilrbe rough and irregiilaMo

r.
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Cutting speed. too slow cutting speed will leave irregular drag lines

(mark eft on a cut edge). If cutting speed is tao fast,, the drag,11nes will

be rough and form sweeping, curves.
4

A good cut shows smoothvertic'al, uniform marks which are continugps -firom top to

bottom. If you have to 'tart a cut from & portion of the metal of than the

.edge, preheat the spot to a bright red, tilt the torch at an angle of 45° from
the perpegdicular and slowly ,open the high-pressure valve and as the torch starts

L to cut, start righting it-back to a perpendicular position until it is in a 990

position. Move it forwand an0 continue to make your cut. This eliminates the

possibilities of blowing the slag back on your, cutting tip and clogging the holes.

(a) Cutting bevels (fig-101). You will frequently have to cut Itevels to form

joints for welding. To make a bevel cut of 45° in 1-inch ttPel, the flame

must actually cut through 1.4 in of metal. Consider thit when you are

selecting the tip and adjusting the valves. You will have to use more

pressure and less speed for a bevel cut than you would with a straight cut.

Adjust the tip so that the preheating orifices.are lined up for efficient

preheating. A piece of 1-inch angle iron, clamped with the angle up, makes an

excellent guide for beveling straight edges. Pull the torch along this guide

as shown in figure 3-11.

J

Fig 3-11. Cutting bevels.

(b) Pipe cutting (fig 3-1). When you are going to cut a section of pipe, keep

the torch pointed toward the centerline of the pipe. Start the cut at the top ,

4 and cut down one side. Then begin at the top and cut down'the other side,

finishing at the bottom as...shown in figure 3 -12. Pipe cutting with a torch

requires a steady hand to get & good bevel, one that is smooth and true.
Don't try to cut and bevel a heavy section ofd pipe in one trip. Cut the tip

off 'square and then bevel it. This makes a cleaner and neater job. Check the

c-

alinement of your torch tip preheating orifAces before you startyour

,cutting. Arrange these orifices in line wit Your cut.

I
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KEFP TORCH FLAME
CON1IN000SLY POINTED
AT TENTER OP PIPE

ARROWS REPRESENT
TORCH TIP

Fig 3-12. Cutting pipe with oxyacetylene*

(c) Piercing holes (fig 3-13). Your cutting torch is also a valuable tool for
piercing holes in steel p e.' Support the plates on firebricks or other
means so that tl}e flame ill not -hit anything else when-it burns through.

Hold the torch over the ole location with the tips of the inner coneof
preheating flames about 1/4 in above the surface of the plate. Continue to
hold the torch until a small round spot has been heated to a cherryired. Open r,
the high-pressure oxygen valve gradually and at the same 4ime slightly raise
the nozzle away from. the work to keep from blowing slag back into the cutting

tip. As you start raising your torch and opening the oxygen valve, start
rotating the torch with ik spiral motion. This will cause the molten slag to

be blown out cif the hole. The hot slag may fly around so avoid pu"bting your

head dirtctly over the cut. If you desire larger holet, outline the area in
chalk and, using the above procedure, follow the chalk lines that have been

drawn on 'the late. "i
J

2
?.s 4

Y1

PREHEAT UNFIL
LTING BEGINS

'RAISE TIP,AckEASE
OXYGEN, OSCILLATE
TIP

CONTINUE TO
OSCILLATE TIP

/ Fig 3,1 3. Piercing holes with cutting torch.
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(c01 Rivet cutting. When you havg a ioti\of removing rivets, you will find that, the

Cutting torah is another fast, expedient tool. Just use the preheating flames

to bring the heacl'of the rivet up to the proper temperature, then.turn on the

oxyge and wash the rivet heed off. The remaining portion can then be pinched

out-with a light hammer blow. The'step-by-step procedure of removing rivets

-follows:

Use the tip size and pressures that'you would use foi-il-imch steel.

'leaf a spot on the rivet head until it is bright redft,

Move the tip to a position parallel.with the surface of the plate and'turn

on the oxygen slowly.
.

..4 .
_ .

Cut a "slot in the rivet head like the' screwdriver slot NA screw.

When the cut nears-the plate, draw the tip back rdleatt 1 142 inches. ...

This is important.

When the slot is cut througNip the plate, swing the tip through a small.;`

arc. This slices off half th rivet.
..... :

,

Then swing the tip in an arc in the other direction': this slices off the

Other half of the head. i
. '

I.
iv

After thft,slot is cut, you Won't have to worry about preheating the rest of

the riva'head to cutting temperature. Just before you get through the slot

to the surface of the plate, dratiyour torch tip back 1 1/2 inches to allow

the cutting oxygen to scatter slightly. This keeps. the torch from breaking

through the layer of scale that is always presentoinetween the rivet and-the ...

plate. It allows the rivet to be removed without damaging, the surface of the

plate. If you don't draw the tip away, you may cut'through this scale and cut

into the plate.

PREHEATiii

PREHEATING
FLAMES.

4--

% W4 ;1

/, . :
- - OXYGEN

HALF OF HEAD sLicEp OFF

CUT SLOT IN HEAL
AS TIP IS DRAWN
1 1/2 INCHES
AWAY

REMAINDER Of HEAD
REM CNED

CUTTING OXYGEN

S.

CUTTING OXYGEN

1 ,,v/
/

".../

Fig 3-14. ,Removing rivet.

At.
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( 3) Cutting ferrous metal s.. Low - carbon. steel s (less' tier Si . 35% 'carbon ) are easily cut
by the oxyacetylene procedure, They oxidize readily,at the, flame-cutting
temperature and the oxide or slag, for)ned during the cutting procedure melts at a
temperature well below that-of the metal itself. When the composition of the
metal is such thatthe melting-point of the oxide -is as high or higher than that
of the metal, the ..ease with .which the metal can tie cut decreases. The cut-ability
of a ferrous metal decreases, when the carbon _present exceeds 0.35% or when
allawing elements such as chromium, nickel, manganese, tungsten, vanadium, and
molybdenum are included in the alloy.. When metals of this type are to,be cut, the,
standard procedure must be varied. As the cut-ability of a ferrous alloy
deereases, 1t is necessary tb use one or more of these techniques: additional
Orehett, a different fla adjustment, an oscillating torch manipulation or- a
special flux. For most me-cutting operations, the preheat flames
are adjusted to a neutral -Jame adjustment. However, when cast iron is cut, a
highly carburizing flame adjUpment is necessary. The excess .feather should be
equal in length to-the thickness of the cast iron. The excess acetylene helps to
preheat the cast iron by igniting when it combines with the; cuttin.g oxygen in the
kerf. Torch manipulation' is an important part of the -flame-cutting operation.
For most applications, the torch is moved along the line of cut with a steady .

forward movement as, shore in figure 3-16A. With metals like cast iron or
stainless steel, the torch must be oscillated to work the oxide out of the kerf.
In figure 3-15B the torch mdVeMent.,shor is recommended for lightcast sections. -

The one at C is used for 'heavy cast -iron sections and the one at D is a forward
. and backward movement to flame-cut stainless steel. Frequently. it is necessary to
eithervprehealw postheat flame-cut metal. For higher than 0.35% carbon and
alloy steeT, you will have to take precautions to prevent the formation of a hard
layer at the edges of the plates. This 'is more likely to $e true when you are
-cutting so--called a #r-hardentng-steels-,---since-a thin layer of metal at the cut
edge is heated to a liigh temperature and rapidly'quenched by the adjacent plate

. an,d the surrounding air. 'This hardens the edges of the metals,makinl them less
. ductile and more difficult to machine. Their lower ductility may even- cause

.cracking *under load., To avoid forming this hard layer around the edges, you
should preheat the edges ahead of the cut, Preheating temperatures of from 5000
to 6000F are sufficient to lower the rate of qubnch and should be used when

, cutting high4carbon.and high-alloy steels. Cast iron is more difficult to cut
than ,steel because it' melts at a' lower temperature than do its oxides. When cast
iron-melts, its oxides mix with it. This means that cast iron Must.be preheated
to a much higher temperature than steel, and it also means that you will have to
use an oxygen pressure of from-25% to 100% greater than you would for steel of the

same thickness. ,.

A
REGULAR FORWARD MOVEMENT

C
GENERAL DIRECTION

A SHORT FORWARD INCREMENT FOLLOWED A
RELATIVELY SHORTER REVERSE OR BACKWARD
MOVEMENT

Fig 3-15. Torch manipulation.
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Start the cut with your torch tip forming an angle of 750 and 800 with the
surface. of. the casting. As your- cut progresses, gradually right the torch -tip to
an angle of 000 to avoid losing the cut. Move the torch forward just fast
enough to sweep the edge of the cut.. If you advance too deeply, progress of the
cut will ..cease and black spots will develop under the cutting jet. From the
beginning of the cut until it is finished, held-your torch tip 1 1/2 to 2 inches
form the surface of the cast iron. Move thetfp 1/2 to 3/4 inch in a semicircular
weaving motion, as required, to,clear the cut in heavy sections. Lighter sections
won't require shch wide etwement to keep clear. The procedure for cutting cast'
iron can bi further simplified by adding a mild-steel rod to the kerf as,cutting
progresses. Assuming the tip size and the oxygen and acetylene working pressures
for the thickness of material to be flame-cut have been properly selected from the
manufacturer's charts, the following information will help yoti_ to determine
whether the flame - cutting operation was .properly performed. To produce a good cut
with a square upper edge, the cutting torch must be held so that the inner cones
of the preheat flames are about 1/16 inch from, and at right angles to, the
surface of the metal. If the distance between the end of the preheat cones and
the metal surface is greater that 1/16 inch, the metal will not be sufficiently
preheated and the cut will be lost. If the preheat flames are too close,
excessive preheat res lts and the upper edges will be rounded or fused together.
The distance, between, e preheat flames and the surface of the metal determines,
to a large extent, eappearance of cut. Another influencing factor is, the speed
of travel along-the line of cut.. If the cutting spee5i is ',too slow, drag lines or.
ridges of the olit will be straight up and down and the top edge may be rounded.
1$ the speed of travel. is too fast, there will be .,too'much drag and the cut may be.
lost. -Good cuts result when the position of. the Pretieat flames and the speed of

____tramel_tv._such that oxidation takes place clear through the metal . Loof: down at

the kerf while the cut progresses Ain-4---ObservelheTdrag-1-ines---orthe_aniouraby_____.
which the_cut curves backwards.: Vary your speed accordingly. M important and
often bverlooked factor in. _flame' cutting .1s the alinement of the, torch ti p
preheating holes. When 900 cuts are made, these holes are .alined as shown 'in:
figure 3-16. This illustration also compares good and bad cutting techniques.
Check yours,- and compare your-result with the good cuts in theillustratioh.

o
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DIRECTION OF CUT

PROPI4 DRAG CORRECT PREHEAT

CORRECT PRESSURE SHARP TOP EDGES

AM) CUTTING SPEED

111111ill
1111r1Mmil

It4PROP R DRAG

INSUFFICIENT DRAG
TOO MUCH PRESSURE _

OR INSUFFICIENT
SPEED

LOSS OF CUI

4,

TOO MUCH DRAG
INSUFFICIENT
PRESSURE OR
EXCESSIVE SPEED.'

INSUFFICIENT'PRENEAT
LOSS OF rim

.,

Alwamell

`I`

EXCESSIVE PREHEAT
ROUNDED TPP EDGES

-Pig 3-16. Signs of correct and incorrect cutt ng proce ures.

b. .Gas-welding-safety practices. Whether you are welding, torch brazing, flame cutting,

or heating with oxyacetylene equipment, certain precautions must be observed to-protect

personnel and equipment.

(1) Oil_and grease. Avoid the use of any lubricants in arty, form (oil ovirease) on

oxyacetylene equipment. Oil or g ase in the presence of oxygeniun r pressure

will ignite violently. Consequent y, you must not let oil or grease come into

contact with oxygen in any way whi you handle cylinders, valves, regulators,

:hoses, or any othiW apparatus which uses oxygen under pressure. Dodot.permit a

jet ofoxygen to spike an oily sur ce or clothing.. Oil or grease in contact

with hOSe will deteriorate.the rubbe anCleadnto leaks.

(2) Lighting torches. Use friction ligh rs, stationary pilot flames, or some other

sources of suitable ignition. Avoid e use of%matches, cigarette lighters, etc.,

as eserious hand burn may result. Do not lifht a torch on hot metal, especially

in aclpsed confined space. Whin ligh ihg the torch, open the acetylene valve

first, aud ignite the gks with the oxyg n Valve closed. Do not alloy unburned

acetyliene to escape into a small or Ilo ed working area.

(3) Cylinders. Never use acetylene from tyl nders without first reducing the,pressure

through a suitable pressure-reducing reg lator. Acetylene working pressures in

excess of 15 psi must be avoidelf. Oxygen cylinder pressure must.be likewise

reduced to a suitable working pressure. igh pressure may burst the hose.
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(4) Work space. Do not weld or cut material without first making certain that hot

,
sparks or hot metal will not fall on thelegs or feet of, the operator, on the
hoses, cylinders, or any flammable material lying around. When starting to work,

always have a tire extinguisher within easy reach.

(5) Flashback and backfire. Unless the system is thoroughly purged of air and its

connections are tight before the torch is ignited, the flame is likely to burn

inside the torch instead of outside the tip. The difference between the two terms

backfire and flashback is this: In a backfire, there is a momentary burning back

of the flame into the torch tip; p a flashback, the flame burns in or beyond the

mixing Chamber-of the torch. A backfire is characterized by a loud snapor pop,as

the flame goes out. .A flashback on the other hand is usually accompagied by a

hissing or, squealing sound and, at..the same time, the flame at ktbe tip becomes

smoky and sharp-pointed. When a flashback occurs, 10me4J ately Out off the

acetylene valve. The occurence of the flashback indicates that something is

radically wrong with the system. A backfire is leserserious, and usually. the
flame can be relighted without diffiCulty. \If backfiring continues wheneVer the

torch is relighted, check for These causes: 'overheated tip, gas working pressure,
greater than that recommended, loose tip, or dirt on the torch-tip seat. These

difficulties may be the cause of a flaihback, except that they may be present to a

. greater degree. For example, the torch head may be cracked-or distorted. In most

cases, these malfunctions result from carelessness. They can be avoided by making

certain that all connections in the system are tight and clean, torch valves are
closed (not open or merely loosely closed) When the equipment is stowed, oxygen or
acetylene working pressures used are those recommended fothe torch employed,

and the system is purged of air before Use. Purging the system of air is
especially necessary when new hoses'and ,torch are used or when a new bottle of gas

has been connected to the system. '

(6) General precautions. Do not allow.unauthorized presonnel t6 use'oxyacetylene
welding or cutting equipment.. Do not conduct welding opesAtions in buildings or

,structures that have wooden decks unless they are protected by sand, asbestos -

paper, or other fireproof material. Do not experiment with torches or xegulators

In any way. Do not use oxygen'reeulators with acetylene cylinders. Always use

the proper tip dr nozzle and always operate it at the proper pressure. Make

certain that the torch is not burning when not in use and nevir hang the torch

with its hoses on the regulators or cylinder valves. Keep a clear space between

the cylinders and the work so that,the valves can.be reached in an emergency. Use

cylinders in the order that they were received, and mark empty cylinders as such.

Do not paint cylinders any color other than the original. Do.jlot store oxygen

cylinders with acetylene cylinderi, and always store them in an upright position.

Never test a cylinder for leaks with an open flame; use a solution of soapy

water. Always protect the hose'from hot slag and cuttings and from being tramped

on or from being run over by vehicles. Never force hose connections that do not

fit.. Do not use white lead, oil, grease, or other pipe-fitting compounds for

connection's on hoses, torch, or other fittings. Never crimp a hose to shut off

the gas flow. Do nottape hoses together. Periodically, examine all hoses for

leaks by immersing them in water while under pressure.

EXERCISE: Answen the following questions and check your responses against those listed at

the end of this study unit.

1. The process of severing ferrous meta meaps of the chemical action of oxygen on

the elements in the base metal is cal

-116

a. carbon-arc cutting. c. _metal-arc cutting.

b. flame treating and cutting. d. oxyacetylene cutting.

2. The jet coming from the center orifice of'a cutting torch tip is

a. acetylene. c. hydrogen.

b. oxygen. d. carbon dioxide.

3. The streams coming from the smaller orifices surrounding the center tip orifice

are for

a. preheating. c. cutting.

b. post heating.' d., oxidizing.
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4. For torch-cutting a plate 7/8 inches thick, the recommended tip size number would
be

a. 0.
c. 1.

C. Z.
d. 3.

. ,

5. For cutting metal's using the oxyacetylene process, the amount of acetylene
pressure used in relation, to the oxygen pressure is ., '

a, much lower, c. the same.
b. much' higher. d. alternately higher, than lower.

6. The preheating flames of a cutting torch are adjusted to obtain a (an)
flame.

. a, reducing c. normalizing
b. ,oxidizing d. neutral

7. In starting a straight cut in the center of a metal shpt, you would tilt the
torch ft a 450 angle from the perpendicular in line with the cut in order to

a. provide proper starting bevel.
_b. eliminate slag blow back.
c. preheat properly.
d. eljminate spark 'shower.

8. A suitable torch guide for cutting beveled edges is a
.

1-inch angle iron with the angle up.
b. protractor bevel with extension.
c. chalk line.

. d. special tip with steel guides.

9. The bed way to cut a bevel in a piede of heavy pipe is to

a. make a continuous cut around the pipe,
b.. hold the tip at a 450 angle to the center of the pipe.
c. oscillate the cutting tip.
d. cut the tip off square, thenbevel it.

A

10. The purpose of rotating the torch when pierding a hole is* to

a. blow molten slag out of the hole.
b. ensure a round hole.
c. distribute the cutting heat evenly.
d. ensure proper preheating.

11. An expedient tool for removing rivets is

a. a cold chisel.
b. a cutting torch.

c. a file.
d. a. grinder.

12. To avoid forming a hard layer along the edges when torch-cutting high - carbon and
alloy steels, you should

a. reheat the edges ahead of the cut.
b. postheat the edges after the cut.
c. use a oil bath for quenching.
d. machine the edges with a grinder.

13. Cast ironis more difficult to ct,tt than steerbecause

a. steel must be preheated to a higher temperature thanNcast iron.
b. It requires a much smaller oxygen pressure than steel.
c. it melts at a lower tempgrature than does its oxides.
d.. it is more brittle than 7rteel.

,t
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14. A gOod cutting speed with the cutting torch will produce`

a. irregular drag lines.
b. very little spark shower.
c. uniform drag lines forming sweeping curves.
d. drag lines that are straight up and down.

15. Acetylene, working pressure in excess of psi must he avoided.

, a. 15 c. 25

b. 20 d. 30

16. The best way, to check for cylinder leaks in oxacetylene welding equipment is by
using

a. &match. cz test paste.
b. soapy water. d. compressed, air.

,Work Unit 3-5.. WELDING EQUIPMENT TROUBLESHOOTING

IDENTIFY NO MAJOR MALFUNCTIONS IN OXYACETYLENE EQUIPMENT AND HOW ,TO TROUBLESHOOT
THE MALFUNCTIONS

IDENTIFY THE TRO LESHOOTING PROCEDURES FOR THE LM-62 METALLIC-ARC WELDER.

IDENTIFY THE TROUBLESHOOTING PROCEDURES FOR THE DYNAMOTOR WELDER.

Oxyacetylene equipment troubleshooting.

a. Regulator malfunctions and corrections. Leakage of gas between the .regulator seat and
the nozzle is the principal trouble encountered with regulators. It is indicated by a gradual .

increase in pressure on the working pressure gage when the adjusting screw is fully released
or is in position after adjustment. This defect, called "creeping regulator" in the welding
trade, is caused by cracked or worn valve seats or by foreign matter lodged between the seat
and the nozzle. Regulators with such leaks should be repaWed immediately to avoid damage to
,other parts of the regulator or injury to .persohnel . This leakage"is wficularly dangerous
in acetylene regulators because acetylene at high pressure in the hose is a definite explosive
havrd. ip correct this nil function, remove and replace the seat if it isworn, cracked, or
otherwise damaged. If theinalfunction is due to 'fouling by dirt or other foreign material,
clean the seat and nozzle thoroughly and blow out any dust or dirt in thf.Walve chamber.
Broken or buckled gage tubes and distorted or buckled diaphragms are usually caused by.
backfire at the torch, by leaks across the regulator seats, by failee to release the
regulator adjusting screw fully before opening the regulator seats,, or by failure to release
She regulator adjusting screw fully before opening the cylinder valves. Defective Bourdon
tubes (flattened, semicircular tube, connected to the dial indicator) in the gages are
indicated by improp0 action of the gages or by escaping gases from the gage cages. Gages .

with defective Bourdon tubes should be removed and replaced since satisfactory repairs cannot
be made without special equipment. 'Buckled or distorted diaphragms cannot be adjusted
properly and should be replaced with new ones. Rubber diaphragms can be easily replaced by
removing the spring case with a vise or wrench. Metal diaphragms are sometimes soldered to
the valve case and their replacement is a special repair shop job. It should not be attempted
by anyone not familiar with the.work..

b. Torch malfunctions and corrections. Improper functioning of the welding torches is
usually due to oar-or more of the following causes: Leaking valves, leaks in the mixing head
seat, scored or out of round welding-tip orifices, clogged tubes or VI's, or damaged inlet

.

connection threads. These defects are the cause of gas leaks and, unless corrected
immediately, may cause flashbacks or backfires with resultant injury to the operatpr, and
damage to the welding equipment. Valve leakage is usually due to bent or worn stems, damaged
seats, or a combination of both. Loose packing will also cause leaks around the valve
handle. Such leaks are indicated when the gases continue to film after the valves are t"
closed. Bent or worn valve stems should be replaced and damaged seats should be refaced.
Loose packing may be corrected by tightening the packing nut or replacing the packing, making,
certain that the packing nut is tight. Leaks in the mixing head are indicated by the popping
out of the flame and by the emission of sparks from the tip, accompanied by 18 squealing.
noise. Leaks in the mixing head will cause improper mixing of the oxygen and acetylene which,
in turn, will cause flashbacks (ignition of the gases back of the mixing hee(d in-the,tubes).
A flashback causes the torch handle to suddenlAbecome very hot. This defect can be corrected
by reaming out and turning .the-cixing head. Special reamers are needed for this operation,
and it should not be attempted y anyone not having the proper equipment to do the job.
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.Scored or out-of-round tips will caul ,he flame to be irregular even after the tip has been
cleaned. They cannot be repaired end mist be replaced. Clogged tubes and tips are usually
due to carbon deposits caused by flashbacks or hpckfire or to the presence of foreign natter,
that has entered through the hoses. Great working pressures will be requiredJo produce the'
flame required for some tips, and the flame will be distorted. To correct this condition, the
torch should be dismantled and each component (tip, mixing head, and hose) should be cleaned
out and blown out'with oxygen at pressurei-qf 20-to 30 psi. The tip and mixjn§ head should be

,cleaned, first with soft copper or brass wire or with cleaning drills of the proper size, and
then blown out with oxygen. The cleaning drills should be approximately one drill size
smaller than the tip,orifice to avoid enlarging the holes. Leaks due to damaged inlet
connection threads can be detected by closing the needle valves and the cylinder valves. Such

leaks will cause the reguAtor pressure to drop. Also, if the threads are damaged, the hose
connections at the torch inlet will be difficult or impossible to tighten. Unless corrected,
this condition may cause fires by Ignition of the leaking gaseS which could result in serious
injury'to the operator-or damage to the equipment. To correct this, the threads should be
recut with a thread chaser and the connections'thoroughly cleaned. -

,Troubleshooting the Model LM-62 Metallic-Arc Welder

Table 3-1 below provides information that is useful in diagnosing and correcting the'.
failures of the welder.

Table 3-1. 4oubleshooting Procedures for the LM-62 MetAllic-Arc Welder.

Symptom Trobable cause Possible remedy

a. Welding generator
fails to generate
sufficient voltage

b. Current fails or
becomes low

c. Weldidgenerator
voltage too high

d. Voltage becomes
erratic

e. Welding arc becomes
noisy and spatters

7-

Generator speed too low.
Brushes scored or worn.
Commutator-scored.-
Armature circuits open.

Wiring short-circuited.
Commutator dirty.
Brushes sticking in holders.
.Panel cable conneCtions,defqctive.
Load excessive. ,

High mica on commutator.
. s Rheostat defective.

Welding cable defective.'
Electrode holderive%
Panel wiring e

Ground connectiont poor.
Cable connections loose.

Speed too fast.
Rheostat defective. ,/

Generator speed erAtic

Commutator dirty.
Brushes scored or worn.

, Commutator scored.
Insufficient brush spring pres-

sure.
Brushes sticking in holders.
High mice on commutator.
Rheostat defective.

Current setting too high.
.Polarity wrong.

3 -25 r

Increase speed.
Replace brushes.
Repair commutator.
Check, repair, Or replace

. -armature.
Check, repair; or replace.
Clean commutator.
Adjust spring pressure.

. Inspect and repair.
-Reduce load.
Undercut Mee.
Replace rheostat.

Replace cable.
Replace holder or repair.
Inspect and repair
TiOten ground connections..
Tiokten cable connections.

Reduce speed.
Replace rheostat.

inspect and adjust engine
for steady speed.

Clean commutator.
Replace brushes.
Repair commutator.,
Adjusting spring pressure.

Inspect and repair,
Undercut mica.
Replace rheostat.,

Reduce current setting.
Check polarity, try the

reverse polarity, or try
an eleCtrode of an opposite
polarity.



Table 3-1. Troubleshooting Procedures for the LM-62' Metall ic-Arc Welder (continued).

Symptom Probable cause Possible reale*

I

f. Welding arc becomes
sluggish

g. Touching welder gives
shock

Electrode hol der
becomes hot

v"

Current too low.
Connections poor.

Cables too long.

Welder not properly grounded.
Welder covered with water or

moisture.

E,lectrode hiOsIder spring weak or
soft ..

Electrode grooves dirty .

Cable connections corroded.

Adjust currents
Check amid" tighten all loose

connections; check for
corroded or split con-
nections.

Check able drop. Use shorter
cables.

Ground welder properly.
Wipe off and dry thoroughly.

Replace spring.

Clean and file grooves.
Clean and make new, tight

Troubleshooting the Dynamotor-Wel der ( Al so a Metallic-Arc Wel der )

Table 372 provides information ttat is useful in diagnosing and correcting the failures
of the welder.

Table 3-2. Troubleshooting Pro res for the Dynamotor - Welder.

Symptom: Probable cause Possible remedy

a . Wel der noisy

b. Wel der overheats

c. Welder will not start
when shop set
engine is used

d. Welder will not start
Olen external power
is used

e. Welder starts. but
rotates in wrong
direction

f. Welder will not de-
t?I iver.Lac 41 n shop

set f§ used

Mounting hardware loose.
Shock absorber loose or defective.

Ventilator air filters clogged or
dirty.

Clutch not engaging.
Drive belts defective or worn out.

Dynamotor switch not properly
actuated.'

Dynamotor witch defective.
Power selector switch in wrong

direction.
Power selector switch defective*.

External' power lines incorrectly
-connected.

Dyne r switchdefective.
Dc ai t ectrical leads open

or shorted.
Dc ammeter defective.
Dc arriaeter shunt defective

o,"" 3-26
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Tighten or replace hardware.
Tighten or replace shock

absorber.

Clean ventilating filters.

Adjust clutch.
Adjust or replace drive belts.

Properly actuate switch.

Replace dynamotor switch.
Set power switch to position

marked CITY on panel.
Replace power selector switch.

Interchange any two incoming
,1 eads

Replace switch.
Repair or replace ammeter

electrical leads.
Replace dc ammeter.
Replace dc ammeter shunt.



EXERCISE: Answer the following queitions 'and check your responses again t those listed at-
the end of this study unit.

1. To prevent buckling and distorting of to diaphyams in the regulator, you would

a. release the adjusting screw fully before opening the cylinder valves.
b. shut off the cylinders' first.
c. always blcarout the gas hoses,. c.

d. stabilize the acetylene flame before opening the oxygen valve.

2. 'A gradual incr se in pressure on the working pressure gauge after the adjustinig
screw is eleased is an indicatjon of a

a. broken gaup tube. c. worn valve sea4.
b. leaking for H valve. d. scored welding tip orifice. e

3. You suspect a leakage of gas in your gas-welding regulator; specifically, between
the regulator sett and the nozzle. Thilk leakage is indicated by'
a, a total lack of pres.sure on the working Oreskure gauge.
b. an increase in pressure on ,the working pressure gauge.
c. a decrease in pressure on the working pressOre gauge.
d.- the formation of bubbles around the nozzle.

4. A cutting torch tip should be cleaned witht. 4

a. soap and Witter.
b. a steel brush.
c. a soft copper/brass wire or cleaning drills of the correct (Hatter.
d. emery cloth or sand paper.

, .------
S. While using the LM-62 weeder ou receive a shdtk, the p oblem is

a. the commutor .is dirty.
b. the polarity is wrong.
c. the welder is not properly grotmded.

'.

d. the electrode holder sprin is weak or soft.
. A

6. When the dynamotor- welder start but rotates in the wrong direction, the problem
is the

a. external powerlines are inco rectly connected.
b. drive belts are defective or orn out.
c. dynamotor switch is defective
d. dc ammeter defective

Work Unit 3-6. INERT-GAS-ARC WELDING

IDENTIFY THE OPERATION, PROCEDURES AND TECHNIQUES OF INERT-GAS-ARC WLDING.A.

a. "Gas shietOd wrldGg" is a term used to designate the fusion (melting together,
welding process thart uses an inert gas (.helium or argon) to shield a tungsten electrode and
the molten -pool of metal from the atmosphere. The =shielding gas flows from orifices located
in the torch head forming a protective blanket over the weld area. This blanket protects the
arc and the molten pool of metal from the harmful effects of the atmosphere. Because of this
complete protection from the atmosphere, gas-shielded welds are stronger, more ductile, and
more corrosion-resistant than welds made by the ordinary metallic-arc process.. Gar-shielded
welding is 'ideal for welding metals such As 'aluminum, magnesium, stainless steel, money,
brass, and copper. This is virtually the only process with which you can successfully weld
magnesium. With the Marine Corps'emphasis on equipment that can be hel ilifted, it is
necessary that equipment be light in weight. Consequently th'6 new breed of equipment being
acquired by the Corps has increased the use of lightweight materials h as aluminum,
magnesium, and aluminum alloys. Consequently, the use inert - gas-arc welding is becoming
more prevalent throughout the Corps.
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,
(1) Shielding uses used. .

Helium and argon are inert gases that are used in

gas-shielded weIdfng. The term "iner$ gas"jndicates a' chemically inactiv gas;

unlike oxygen, it will not mix with any other element. Whether the welder uses

helitan or argon .depends on what results he wants. In some cases, helium is

preferable to argon because it produces more heat per ampere of welding current,

if other factors are equal. This characteristic becomes a disadvantage wben

welding very light gages of tal (1/32 inch or less). Here arc stability becomes

a very important factor. Wi higher current settings, it is better to use argon

with its lower arc voltage. oth gases are plentiful and helium is much cheaper

than argon, but you will use three times more of it to do the same job. This is

because of tit different weights of the gases. As helium is several times lighter

than argon, will not settle 'down around the work as effectively as argon.

Argon is a colorless, odorless, inert gas somewhat heavier than air. The nor

atmosphere contains 0.93% by volume or 1.29% by weight of this element. It I

also a nontoxic nonflammable gas. Argon comes in cylinders similar in size and
ape to oxygen cylinders, from 200 to 250 cu. ft. under pressure at 1800 to 2280

si. You can identify the cylinders by the distinctive color markings of grky

th a white band. When the cylinder drops to 25 psi, you can consider the

ylinder to be empty. 'Use)the same care when handling or storing argon gas as you

would wficii handling any other gas.

(2) Cleaning welding surfaces; Cleaning the surface to he welded is of or

1K Importance regardless of the welding process. This cleaning should done just

prior to welding. Oxides, grease, and oil film remaining on the ed s to be'

Joined cause unsound welds. Unsoundness reduces the mechanical and glectrtcal

efficiency of the weld. Mildly alkaline solutions and commercial §reasers that

do not emit toxic fumes during welding are used successfully to re ve surface.

contaminants before welding. One common method is for the welder wipe the

edges to be .Joined with a cloth dipped in solvent, such as alcohol nor acetone.

All welding surfaces should be dried after cleaning to prevent porosity in the . .

weld metal. Use the method that will produce the degree of cleanliness ydu

require. The method will, of course, depend on the type of contamination to be

removed the composition and design of the part you wish to clean, and the quality

of the surface finish to be retained. Things to remember when you are trying to

do a better job of cleaning are as follows:.
,

,.

Use mechanical cleaning where excessive amounts
presentrin any form, provided you do not lessen

Never use solvents or'chemical baths unless you
and fire regulations:

of easy-to-remove dirt are
the usefulness of the part.

observe the required safety

Use solvept cleaning to removeeNtInase and oil contamination that you cannot

el iminate ,by mechanical cleaning al one. This, implies that you can use a

combination of mechanical and solvent cleaning.

When using oil-base solvents such AS kerosene, naphtha, and distillate

alkaline, cleaning ix usually necessary to remove the oily film left by the

solvent cleaning agent.

You can use the wire brush %Mod of cleaning to remove light coats of paints

and primers, natural oxide films, and light coats of corrosion.

0

, b. Inert-gas-wel dint equipment. The Linde Welding Set, Model SWM-9, wed by the Marine,

Corps, is"cksigned for continuous duty, semiautomatic vtelding of aluminum, using a consumable

aluminum electrode shielded by inert argon gas. The welding set can be used for either short

arc welding, with a constant potential power supply, or conventional welding, with a

constant-current power supply. The weldirig set consists of a control assembly, welding torch,

argon gas regulator, and the necessary hoses and cables. _

(1) Torch (fig 3-17). The torch is an air-cooled hand welding torch rated for a
maThiliman current capacity of 200 amperes dc continuous duty. The torch will

provide the full range of wire feed speeds required to handle all welding

applications using 3/64"-diameter aluminum wire. The same torch will weld metal

from 0:093 in. to 0.125 in. thick 'using 0.030 in. aluminum wire at current levels

up to roxinwstel,y 125 amperes. The torch is well balanced and weighs

app tely 3 lb, less cables. It is of rugged all-metal construction and is

ade y insulated to afford the operator complete- protection from the wire and

from er parts that are electrically hot. Simple in 'design and operation, the

torch is used with a direct current conventional constant-current type of welding

power supply.
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Fig 3,17. Inert-gas-shiel de t model SIAM -9 torch: -

(Currently in use n the Marine Corps)

(2) Vol tage control (fig 3-18). The. arc vol tag is controlled by a series-type
vol gage control operatpd .from a 115-volt ac or dc power source. It actuates the
welding current anli flow of argon by. turning these services on or off in proper
.sequence for maximum utility and safety, and at minimum operating cost. The
control also allows the operator to inch thewire along without the welding power
supply being energized. j
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Fig 3-18. Voltage control assembly.
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(3) Argon gas regulator and flowmeter (fig 3-19). This is a 2-stage, constant-flow
regulator equipped with an adjusting valve, a pressure regulator (indicates the
pressure-of the argon gas flowing into the regulator), and a flowmeter (measures
the amount of argon flowing from the regulator through the hose to the torch).
The gas coming into the regulator Is measured by the gage in pounds per square
inch (psi). The gas going to the hoge is measured by the flowmeter in cubic feet
per hour (cfh). The flow of argon is regulated by .an adjusting valve located on
the regulator.

PRESSURE GAGE

TUBE GUARD

REGULATOR TUBE GAGE

Fig 3-19. Argon gas owneter an, regu ator.

(4) Adjustment and operation of SWII-9. The sigmette outlets are located at the bottom
left orthe 111-62 generator control panel.: The welding selector switch, located
in the center of the generator control panel, should be in the MIG position. The

welding'polarity switch should be inijle "reverse polarity: position. The argon
gas "switch (GS) on the control box controls the gas solenoid valve. When the
mainline switch (MIS) is turned on, the GS is placed in the "auto" position. The

gas solenoid valve will be energized when the field interrupter nelay is
energized. To check the gas flow without energizing the contractor, place the GS
in the manual position. Adjust the flatter on the shielding gas regulator to,,

flow.-obtain the desired rate of gas flow. A ter making necessary adjustments, return
the GS to the "auto" position. Power for the wire feed switch is provided by the
permanent magnet type shunt motor in the torch. During the welding cycle, the
welding wire feed rate is controlled by the welding voltage rheostat (WVR) on the
voltage control assembly. Turning the WVR clockwise increases the arc voltage;
turning it counterclockwise decreases the arc voltage. If the proper settingis

not known, use a lower setting at the start to prevent a burnback. With the MIS
in the "on" position and the argon and power supplies adjusted, the operator may
start to weld by pressing the' torch trigger switch. This closes the field- .

interrupter relay which energizes the welding generator a also starts the flow
of argon. Make sure that the end of the electrode wire ex ends approximately 1/2"
in. beyond the end of the nozzle before starting to weld. e inching button can
be used to inch the wire into this position. Touch the end f the wire to the
workpiece. This establishes an arc and tarts the wire feed at the rate indicated
on' the WVR. Wel clingewill continue as g a the trigger switch remains
depressed: Welding action will step all services will be discontinued if the
trigger &itch is released. The contro is quipped with a protective circuit
which will prevent the a plicatidn of exces ive voltage to the wire feed motor if
the torch is withdrawn from the work 'to stop the weldilb action. However, the
torch is not the proper method of breaking the arc 'und should be alioided.

Cy
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c: Tun stern-inert- as TIG welding grocessliThe TIG process is widelp.used for welding
relative-IT n a um num sec oris. n s process, under normal conditions, an arc is
established between 4 nonconsumable tungsten electrode and the aluminum parts to be welded,
with a shield of inert gas enveloping the arc and the weld pool. The arc melts the aluminum
base Teta] and bare filler rod of suitable alloy is manually added to the molten pool.
Welding can be done rapidly from all positions. No flux is equired in TIG welding because
the action of the arc breaks up the oxide film and allows hood metal flow. Sincefte heat of
the tungsten arc Is concentrated in a small area, it is much faster than gas welding. Also,
distortion of the beg:metais is less than with gas welding.

(1) 0ower source.' Both ac and dc are used in inert-gas'yelding. However, ac is used
In welding aluminum and magnesium, since the cleaning action of the arc is more
pronounced. Straibht polarity has peer charaAeristics and the arc is difficult

handle. Welds made with dc are generally smoother in appearance than those
a. made with ac. Welding transformers with built-in high-frequency current

stabiliters to control the arc are available, but special attention should be
given to their installation as ate-fUequency circuit will cause radio and TV'
interference.

('2) Welding equipment and supplies. In addition to the power source, the following
equipment is needed:

`TIG welding torch

Inert-gas supply, regulator-flowmeter, hose, and fittings

Filler metal,

Water supply and fittings

Helmet or eyesetields and protective clothing

For currents above 100 amperes, cooling the torch and power cable is necessary
,because of heat generated Vy the arc and the current passing through the cable.
For welding currents below 100 amperes, air-cooled torcheSare satisfactory.' A
4ectional view of a ter-cooled torch is shown in figure 3-20. Water used to
,cool the welding gun/Ighould be clean to prGent clOgging or flow restriction.
Ovgrheating can melt the silver-brazed metal joints in gun and the plastic water
tube which shields the electric cable. A control mechanism is available which
does,n llow the welding current to start finless the water is flowing. Some TIG
WeJd, quipment is provided with a solenoid valve which automatically shuts off
the water supply when the welding stops. This preventS excessive cooling and
moisture condensation inside' the torch. The TIG welding torch carries the welding
current and directs the inert gas to the weld area. The torch must be properly
insulated for maximum current ranges to insure operational safety. Current is
transmitted from transformer through the power cable to the collet (metal ring)
holding tffe tungsten electrode. Gas ports surrounding the electrode permit the
inrt gas to enter the nozzle. The electrode should extend beyond the %Old of the
gas a distance equal to its diameter for butt welding and slightly further for
fillet welding. The gas cup or nozzle of the torch can be either ceramic or metal.

Fig 3-20. Water-cooled,inert-arc-gas welding torch.
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(3) Welding technique. The operator controls the operation of the torch through a

trigger or button mounted on the handle. Depressing the button or trigger

actuates solenoids, which in turn start the Vlow of shielding gases and cooling

water, and energizes the welding circqit. Cbntrol circuits are so arranged that

the gas and water flow for a short period before and after the welding- circuit is

energized or shut off. This is a advantage., since it insures that shietding gas

_As available to protect the weld zone when welding begins and for a short. period

after welding stops, The arc is struck by bringing the tungsten electrode close

to the work surface. The electrode does notAbave to touch,the work surface as in

metal-arc welding', because the high frequency establishes the arc. The arc is

held at the starting point until the metal liquifies and a weld pool is

esttblished. Filler rod is then added manually (fig 3-41) from the front as-

nee ed to farm a weld bead. The torch A usually pointed in the direction of

travel with a 10° to 20° angle from the vertical position. The finished weld

beads do not require cleaning since no flux was used in the process. The

completed welds should have a smooth appearance. To avoid wasting the shielding

gas and to obtain a good weld, you should proceed as follows:

Use a short arc. Reduce the amount of drOf/in the welding area. Use the

minimum gas flow necessary to obtain consistently clean, sound welds.

Weld in the downhand,gpsition. Any change in wor positioning to make this

possible is advisable since it will greatly reduc welder fatigue, increase

/ effictency, and give f6ster welding.

1

'Fig 3-21. Applying filler rod.

d.' Metal-inert-gas MIG welding process., MIG welding is another form of the inert

shielded -gas me o dam' we ng in which a consumable electrode A used. The electrode is an

integral part of the welding apparatus. MIG welding uses direct current and a shield of argon

or helium gas. A small-diameter wire (electrode) serves as the filler metal and is

automatically fed into the woo at high Speed. The weld pool and the electrode are protected

from oxidation by the shield of inert gas. No flux is required.

(1) Rower source. Either a direct-current weldihg generator or rectifier can be used

for MIG welding aluminum. Constant power source compensates for changes in arc

length, thus providing more uniform welding. Reverse polarity (electrode

positive) is used when aluminum is welded by this process. The MIG process

deposits filler metal at high rates (compared with TIG welding), makihg faster,

more economical welds with less heat effects on the workpiece.

(2) WeldingLequipment and supplies. In addition to the dc power source, the following

equipmt is needed:

Inert-gas supply, regulator flowmeter valve, hose, and fittings..

Filler wire, wire spool, and drive.

MIG welding unit.,

. .

Helmet or eyeshield and protective clothing.

136.
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,
There are severel different designs of MIG welding units on the market, the major

-difference being the location of the filler wire drive mechanism. Olf the two
major designs of welding gun, one (model SWM-9) pulls, the wire by means: of drive
roils from within the gun itself. The other pushes the wire from the drive rolls
through a long guide liiner to the welding gun and the werkpiece. The gun
currently used in the Marine Corps is of the first type ('fig 3-17). Both types
have a control box unit which'ktqates the power, feed, shielding gas; and coo) ing
water then the' igger ennthe Igun is squeezed.

.(3) -Filler
available OM 1/32-; 1/16- 'and 1/8-in. diameters. -Special

Fil er wire of.types EC, 100, 4043, 5154,..4183, 5356, and others are

attention trust be-given to see that the wire is clean. Unsound welds result from
using wire that has been!contaminated withOils, grease, dirt, etc. Best welding
results from using wire which has Just been removed from its carbon. Wire should

Abe stored in -a warm t.ry area and kept covered. If welding is sto ed for aky
length of time, remne the wire roll and place it in the originals to tit
prevent contamination.

(4) Welding technique. Filler wire alloy, current setting, and gas ci e .ca; be
chosen 'to suit the alloy and thickness of the material being wel i d. MIG welding
equipment is designed to feed the wire and automatically start.the gas flow As. ,

soon as the.Arc is struck. Welding progresses by moving. the gun along the line of
weld Joint at such a rate as to build up a bead of the desired dimensions.
Because of the shielding action of gas, no flux is needed. In flat-position\---
Nei ding, the gun is held pointed in the direction of travel at a 50 to 200
angle from the vertical position. Mien more than one pass is needed to complete
the-weld, it should be cleaned by brushing with a stainless wise brush. Postwel,d
cleaning-other than wire brushing.is,not usually necessary in MIG welding. Figure
3-22 shows welding currents used with different -size wires.'

Filler W re/ diameter
(17,hes) . '

e ,

0.04Q
1/16
3/32
lit a/ 41

Welding current
(amperes)

120-210 r.. 165-300
240-450
400 and up b/

4

a/ Normal ylused for tutoma tic welding.
Maximum welding current dependent on the per source.

Fig n3-22. Recommended current welding for various dlameters fjller wire.,
4

41-

EXERCISE: ,Answer the following questions and check ybur responses against those listed at
the end to this study unit.

The material that was largely responsible for the developeienst df the-inert-gas-
shielded welding method is

6

a.
b.

aluminum.
magnesium.

2. All the gases listed below

a.
b.

argon:
oxygen ..

c. stainless steel.
d. roonel.

are inert EXCEPT

c. helium.
d. xenon.

3. A gray cylinder with a white band

a. argon.
b. acetylene.

.1

is identi fled to be

c. oxygen.
d. nitrogen.

3733
137
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4. The advantage of inert-gas-arc welding is

a. no flux is required.9
b, more heat is produced by the arc.
c. welds are stronger and more corrosiqn resistant,
d. less spark_ shower. 4

S. The liquid recommended for cleaning'surfa ces to be welded by the TIG or MIG

-process is

a. gasoline.. c.- trichorethylene.

b. carbon'tetrachloride. d. acetone.

6.. In an welding setup, the special device that regulates the amount of

argon gas going from the gas cylinder to the torch is
, -. .

.

a. oxygen regulator 'valve: c. 'regulator-flow meter valve. \
b. argon valve. . d. torch regulator valye.

.

4
. . .

7. When you weld with theSWM p torch, the electrode shoul extend beyond' -41.

* the end the nozzle.' ''

a: 1/8 inch
b. 1/4 inch

c.* 1/2 inch

d. twice the diameter of the wire -%

8. When welding with the SWM-9 torch, and after all adjustments have been made, you
start the flow of argon /iv .

,a., 'turning on the GS: c. depressing the inchingfbutton.

b. turning on the MLS. d. pressing the torch trigger switch.
. .

9. The life eXpectancy of a

\
ungstentlectrode under normal operating conditions is

j..,

1.3a.

.

!, 8 hours. c. 32 hours.

4'

.' 16 'hours.- - d. indeflnite. '

10. On so TIG welding Owipment, the device that automatically shuts oh.the water
.

supp ,when the welding stops is the
. -

,
.

>
c. inching ?witch.

d. flow meter adjusting valve.
ck .

is used to cool the torch. .

a. solepoievalve.
b. voltage control.

JIG welding,
. .

1 PS . . .

a, hlqium- c. argon

b. water. d. carbon dioxide
,.

. .,,

12. A tungstenuelectrode 1/8 inch in diameter shOuld extend inch bey d the

. .° gas cup, of A.-Pe-welder when welding a butt joint.
.

a:, 1/8 '

i
c. 3/8

b. 1/4. \ d. 1/2

13. When welding with the. MIG process, the welding current setting 457300 ampyres
requires a filler wire with a diameter of .

a. 1/32 c.. 3/32 :.

b. 1116: d. 1/8 .
.. ,

14. MIG filler wire, normaftiused for automatic welding, requires a welding current
.

range of

f. 4 silk

4

a. 120 - 210 amperes. c. 216 - 450 amperes.

b. 165 -,300. a d. 400 amperes and up.

SUMMARY REVIEW .

-

In this study unit you learned to identify oxyacetylene welding equipment. You.

learned the procedures of oxyacetylene brazing, welding, and cutting of metals. Finally you

learned Gas-Wilding $gbty Precautions, Welding Equipment Troubleshooting, and Inert-Gas-Arc
Welding Procedures.
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A.

Answers to. Study Unit #3.Exercises

Work Unit 3 -1.

1. a. 5. a. 9. d.
2. b. 6. a.- 10. a.
3. c. 7. b. 11. c.
44. c. 8. c.

Work Unit 3-2.

1. a.
2. a.
3. b.
4. d.
5. b.

Work Unit 3-3.

1. c.
2. d.
3. a.
4. The rod is kept ahead of the tip in the direction of welding.,,
'5. The, tip is kept &held of to rod in .the direction of welding

Work Unit 4.4.
.1.

1. d. 7. b. 13. c.
. 2. b. 8: a. 14. c.
.3. a. 9. d. . 15.. a.
.4. c. 10. A. 16. b.

. ti. --,e 11. b.
6. d. 12. a.

Work Unit 3-5.

1. a. 4. c.
2. c. 5. c.
3. b.' 6., a.

Work Unit 3-6,

1. b. 6. c.* 11. b.
2. b. 7. c. 12. a.
3. ,a. 8. d. 13. b.
4. 'c. 9. d. 14. d.
5. d. 10. a.

:1

M

O

r
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STUDY UNIT .4

METALWORKING MACHINES AND TOOLS

STUDY UNIT OBJECTIVE: UPON SUCCESSFUL COMPLETION OF THIS,STUDY UNIT YOU WILL
IDENTIFY THE USE OF METALWORKING. MACHINES AND,SPECIAL TOOLS UTILIZED WITHIN THE
MARINE CORPS.

Work Unit 4-1. METAL GUTTING EQUIPMENT

IDENTIFY THE THREE TYPES Of SHEARS AND RELATED EQUIPMENT USED TO CUT METAL.

GENERAL

When you start any job in sheet-metal work there are several things that you always
have to'think about before you can actual)), do any work. Some of these are materials, layout
precedures, forming processes, and'tools needed. Inrother words, you have to know what
materials you have to work with, how you are going to plan the job, how you are going to do it
once it has been planned, and just what tools are going to be required to do the job. In'many
cases, the material you will be using will be determined for you, either by written or oral
specifications. When you work from blueprints, the material is usually specified right on the
print. When working from a sketch, you may have to find out from your supervisor just what
kind of metal he wants and what gage or thickness is desired. Generally speaking, the shape
of thd object will determine the layout and the forming methods used. The use to which the
object will be put will deterpine the kind of metal best suited for the job. You may work
with sheets made of black iron, galyanized iron or steel,, aluminum, copper-nitkel,
corrosion- resisting steel, copper,'brass, or zinc. It is common practicewhen working with
sheet metal to specify the thickness by gage number. Figure 4-14ives the gage, thickness,
and weight in pounds per square foot for galvanized (zinc-coated) and black iron (no
protective covering) sheets--generally the two types that you will be working with. Some
sheets have the gage stamped,on them. If not, you will have to measure the thickness to
determine the gage. Galvanited sheet usually measures 1 gage thicker than it actually is.
This is due to the coat of zinc that is placed on the metal after it is rolled to a specified
size. It is a good idea to check the sheet, whether it is marked or not. This will eliminate
any errors or doubt. Sheet metal is tricky to work with. You will learn by experience how
you can bend.certain types. You will also learn, by exp'erience, to be extremely careful when
handling sheet metals by the edgeq, usually by cutting your fingers. "Alwttys file a fresh cut
metal edge to remove burs and fishhooks.

Gage U.S.

Black Iron Galvanized
iron

Thickness Wt in Tb per
(inches) sq ft

Wt in lb per
'`sq ft

32 0.0097 0.406 0.563
30 .0120 0.500 0.656
28 .0149 0.625 .781

26 .0179 0.750 .§06
24 .0239 1.000 .156

22 '.0299 1.250 1..406

20 .0359 1.500 1.656
18 .0478 2.000 2.156
16 .0598 2.500 2.656
14 .0749 3.125 3.281
12 .1046 4.375 4.531
10 .1345 5.625 5.781

Fig 4-1.

SHEARS

A metalworker must be famil
forming, and riveting metals. Yod
to use them properly; for example,
sheet metal is a common occurrence;

Gage, thickness, and weight of black*
and galvanized iron.

I

iar with the methods of cutting, bending, drilling,
shoOld be familiar with the more common handtool and how
how to measure, drill, and use a file or hacksaw. Cutting-
onct a

;

job is laid out, the next step is to cut it out. .4
4
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The type of equipment Used to .do the cutting will depead, of course, on the thickness of the
material to be c 't. Thin pieces of comparatively Soft metal may be cut more readily with hand
snips. Rut for ard, thicker type metals, machind, are used. These machines are divided into
two groups; manu lly operated and power-opkrated.WEach type of cutting machine has a definite,
cutting capacity which, should never he exceeded. A few of the more common types available in
maintenance battal,17s, depots, and base maintenance and repair facilities are described in
this paragraph. t(a

a. Karin shears (fig 4-2Y. Squaring s s are. used for.icutting and squarinTsheet
metal. ey y EFTEEt-operated or power-operated. They consist of a statipnary blade
attached to a bed, and a movable blade attached. to a crosshead. To make a cut, the work is
placed in the desired position on the bed of the machine mei* blade is moved through its
downward stroke. The stroke,of the cutter blade is &ways identical in its relation to the
bed. .A foot-powered squaring shear is equipped with a spring which raises the blade when
pressure is taken off the foot treadle. A scale graduatpd into fractions of an inch is 1'

inscribed on the bed. Two side guides, .consisting of thick steel bars, are fixed to the bed,
one on the left and one on the right. Each is placed so that its inboard edge creates a right
angle with the cutting edge of theted. Tbese bars are used to aline the metal when
absolutely square corners are desired. When cuts other than right angled are to he made
across the metal, the-beginning 'and,ending of the cut has to he mated in advance. Then the
work is placed into position with the marks on the cutting edge of he bed, and cut is
made. A holddown mechanism consisting of holddown levers is incorporated in front of the

Fig 4-7; Squaring shears.

movable cutting edge in the crosshead. Its purpose is to clamp the work firmly into place
while the cut is being made. The clamp is quickly and easily operated by rotating the lever
towards the operator's position. A firm downward pressure on the levee rotates the mechanism

over center on its eccentric cam and locks the holddown in place. ReVersing the action
unlocks and releases the work. Three distinctly different operations, cutting to a line,
squaring, and multiple cutting to a specific size, may be accomplished on the squaring
shears. When cutting to a line, proceed as above. Place the beginning and ending marks on
the cutting edge and make the cut. &Wring requires a series of steps. First, square one
end of the sheet with one side. Then square the remaining edges, holding the one square end
of the sheet' against the side guard and making the cut. The remathing sides are squared one
edge at a time in the same manner. When several pieces are to be cut to the same dimensions,
make use or the adjustable gage stop with which most squaring shears are equipped. This stop
is located behind the bed cutting edge and its purpose is to limit the amount of metal that
can he slipped between the cutting edges of the blade and bed. The supporting rods-for the
stop gage are graduated in inches and fractions of an inch, and the gage bar is rigged so that
it may be set and fixed at any point on the rods. With the gage set at the desired distance
from the cutting blade, push each piece to be cut eigainst the stop. You will be able to cut t
each piece to the same size without measuring each %ne. Not all squaring shears have a safety
guard, but they should. No one sticks his fingers in the machine intentiqhally, but accidents
do happen, and the safety guard is just one precaution well worth having on the machine. The ,

shear should be operated by one man, but in case to are required for the job, extra care
should be taken. If you are operating the treadle make sure your partner has his, fingers
clear before depressing it. The squaring shears were designed to cut flat sheet metal. NOT

square, round, or bar stock. You will not only dull the blades, hut'serious damage to the
machine will result. -,Other ?machines have been-invented just for that purpose; use them.

4-2
141



b. Throatless shears (fig 4-3). Throatless shears are constructed so that sheets of any
length may be cut and the metal.tuened in any direction during the.cutting operation, Thus,
irregular lines can be followed, or notches Mafle without distorting the metal. This type of_
shears is essentially ark adaptation of tjyavy hand shears, in which the handles are removed,
one blade secured to a base, and lofig 1 er attached to the movable blade.

Figr4-3. Throatless shears.

c. 'Hand bench shears. This type of shears is similar in operation to a papercutter.
That is, it ha$ fixed blade, and a movable blade hinged at the rear. Since the blades are
straight, they can be used only for cutting straight edges. For cutting retal-that 11
narrower in width than the length of the blades, the cutting -edge lever can be pulled all the
way down;towever, for cutting larger piec s, a continuous series of short bties should be
made, since complete closing of the blades tends to tear the sheet at the end of each cut.
Some bench shears have a punching attachme on the end of the frame opposite the shearing
blades, which can be used to punch holes in metal sheets.

EXERCISE: Answer-the follbwtng questions and check your responses against those listed at
the end of this study unit.

1. The layout and the method used to form a sheet-metal object is%determined by the

a: weight of the meal. c. size of the object.
b. type of metal. d. shape of the object.

2. The weight, in pounds-per square foot, of a piece of 22-gage galvanized iron is

a. 0.0290,,

b. 1.1250.
c. 1.406.

d. 3.2.

3. The squaring shears are designed to cut

a. square .

b. sheet

4. Devices for clamping sheet metal i

a. clanips.

b. guides".

c. bar
d. round

A

stock.

e on a squaring shear are known as

ho `II s.

d. squares.
de

5. Shears which are used for notches, curves, and straight-line cuts on light sheet
metal are known as if

a. throatless. c. power shearing.
b. hand bench.

6. The type of shears msed only for cutting straight edges are

a. squaring
. b. throatless

. hand bench

4-3
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Work Unit 4-2. SPECIAL TOOLS

II LIST THE FOUR CATAGORIES OF SPECIAL TOOLS USED IN METAL WORKING.

.Before discussing the tools individually, a few comments on the care and handling of

hand tools in general might be appropriate. The condition" in which a mechanic, metalworker,

or &nye?* for that wetter, maintains his tools, reflects his efficiency as well as the

opinions of his superiors who judge his day-to- work. tool should have its place and,

when is not used, it should be kept in its plac . Lach tool should be cleaned after each

use be ore it is returned to its proper place, wh her that plac9 is in a toolbox or in a

centrally located toolroom. If the tools are not going to be ustd agaih the same day, a light

perservative coat of oil should he applied to prevent rust. Tools that are used on a

workbOnch or at a machine should-be kept within easy reach of the person using them, but in a

place I from which they will not be knocked off. Tools should not he placed on finished

surfaces of any machine.
.

a, Snips. (fig 4:4). -Snips do just that their names imply; they snip or cut off pieces of

metal. finlike hacksaws, snips won't remove a wide area of_ metal when a cut is made, There

is, however, more danger of causing minute metal fractures along the edges of the metal during

the /shearing prOcesE.. For this reason, it is better not too cut exactly on the layout line in

an attempt to avoid too -much finish work. Cut as close to the line as is safe; there is no

. set rule for Vis distance. You can proceed safely; however, on the assumption that-the .

thinner and softer the metal, thy` closer you can cut to the layout line.. Some fractures are

so severe that they cannot be removed when the metal is dressed. Leave about 1/32 in. for

dressing. When nutting from the edge of a large sheet, you will have better luck if you cut

from the left side. A small section of scrap.material will curl upward (fig 4-4), while 'the

larger piece of material will remain flat. When the left cur)s_upwards, it provides clearance

(OP

Fig 4-4. Cutting from the left side.

for the franie of the shears to advance along the cut. The cut should never be the full length

of the blade. If the points of the snips are allowed to come together they will Sear the

metal as the cut is completed. Stop the cut before the end of the blades has been reached and

take a new bite. When ctltting heavy-gage metals, use only the rear portion of the snips.

This not only reduces the possibility of springing the blades, but it gives greater leverage,

Once a pair of snips are sprung, they are virtually useless. Hand snips will withstand a lot

of hard use, but there is a limit to their endurance. Never use them to cut hardened steel

wire or other similar objects. Such use only nicks, dents, or destroys the cutting edges of

the blades. There are many-types of snips used for special jobs. The ones described here are

the more general types and ones that you will most likely handle. The straight hand snips

(fig 4-5) have blades than are straight and cuttigng edges that are sharpened to the 850

angle. They can he obtained in sizes ranging Val small 6-inch snips to the large 14-inch

type. Designed to" cut sheet metal to to 1/15 in., thy are able -to cut slightly heavier gages

of aluminum alloy. It's a tough and crude job to try to cut circles and arcs with straight

blade snips, so for this purpose specially designed snips are used. They are the circle,

hawks-bill, trojan, and aviation ships (fig 3-5). Circle snips:with their curved blades,

will handlsany curve except the smaller, ones. The hawks-bills are particularly useful in
.

making curved cuts in large sheets. With their narrow curved blades, which are beveled enough

\-1(1. permit sharp turns without buckling the metai, the hawks-hill snips can cut either inside

or outside circles of small radius. These as well as the cjrclA.Inips must be used carefully,

as their blades are easily sprung. The teojan snips are one of i group_ of snips known as .

"combination snips." The, advan ge of the .trojan snip* is that they can be used for several ,. ,

types of work; therefore, onl one pair of snips is needed to handle 'the average sheet-metal
A

job. They are rugged and should be used for heavier curved cuts, although .their blades, are .

small enough to permit sharp turns and they can he used to cut inside and outside curves. -11

special pair of snips resembling the trojans has been designed for cutting stainless steel.

The cutting edges are inlaid alloy, and stamped on the handles are the words "For, Stainless

Steel Only."' Do not use regular snips on stainless steel and do not use stainleis steel snips

on brass, copper, or galvanized or sheet iron. Another popular type is the aviation snips. ,------
,
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They have narrower cutting blades operated by a compound lever action which 'enables
considerable pressure to be exerted on the blades with less effort being applitd to,the
handles. These snips are used for cutting circles, squares, and irregular patterns. The
hardened cutting blades make it easier' to cut hardened materials. Many snips of this type
have smell serrations or notches on the cutting edges which prevent them from slipping
backwards when a cut is made. Although this feature makes the cutting a little easier, it
mars the edges of the metal slightly. You can remove cutting marks if youR,pllow proper
clearance for dressing the metal after cutting.

0111.011

14MIWOILL IMPS

Fig 4-5. Types of hand snips.

1), Riveting tools.

(1) Rivet cutters' (fig 4-6). In.case you cannot obtain rivets of the required length,
rotary rivet cutters are used to 'cut longer rivets to the required -le th. When
using the cutter insert.the rivet part way into the correct - diameter le, place
the required number of shims (shown as staggered, notched strips in th
illustration) under the head, and squeeze the handles. The compounded action from
the handles rotates the tw9 disks in opposite directions. This shears the rivet
smoothly to the correct I4hgth. When using the larger holes, place one of the
handles in a vise, .insert the rivet, and shear it by pulling on the free handle.
If this tool is not available, diagonal cutting pliers can be used, although the
sheared edges will not he as' smooth and even as when cuttjrrg. with the rivet cutter,.

C

A
r -r.

(2) Rivet set (-fig A.7). A rfritt set is a tool equipped with a die for driving a
particualr typg of rivet. Rivet sets are used in both hand and' pneumatic hammer

thriveting methods. NThey are available to fit aty size anti shape rivet. The
ordinary hand set.is made of 1 /T. "- diameter carbon steel, is about 6 inches long,
}and knurled to preven't slipping in the hand. Only the face of the set is hardened
and polished. Sets forths, universal , round, brazier, and oval-head rivets are
recessed (or cupped) to fit the yivet heed. In selecting the correct set, be sure
that it will provide the proper,0'eerance between the set and the sides of the
rivet head and between the surfacet.ef the re§tal and the s'et. Flush or flat sets
are used for countlunk rind flathead, nivets:'' In order to set nigh rivet
;properly, the flush sets should be at.re§(t 1 in. in diameter. Special sets,
called "drawl'' sets, are used to "draw up" lbe.sheets-being riveted in order to
eliminate any openings between them before tht rivet is bucked. Each draw set has
a hole 1/32 larger( tha the diameter of thi.rivet shank for which It was made.

/4 Fig 4-6. Rotary rivet critter.
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Sometimes, especially in hanckorking tools, the draw set and the rivet header are

incorporated into one tool,, The header part consists of a hole sufficiently

shallow for the set to expand the driven rivet and form a head on it when the set

is struck by a hammer. Figure 3-7 illustrates a rectangular- shaped handset which
combines the draw and header sets, and a flush set used with a pneumatic harmer.
Sets used with pneumatic hammers (rivet guns) are provided in many sizes and

shapes to fit the type and location of the rivet. These sets are the same as the

handsets except that the shank is shaped to fit the rivet gun. The sets are made

of high-grade carbon tool sthel and Ave heat-treated to provide, the necessary

strength and wear resistance. The tip or head of the rivet set should be kept

smooth and highly polished at all times to prevent marrinsmf the rivet head.

Fig 4-7. Rivet sets.

(3) Bucking bars (fig 4 -A). To form rivets with the rivet set, a bucking bar is used
to form "buck ta 11s" (the heads formed during riveting operations) on rivets.

Bucking bars are normally made of an alloy steel similar to tool steel. The

particul,ar shape to be used depends on the location and accessibility of the rivet
to be driven. Mk size and weight of the bar depend on the size of the rivet
being used. The pbrtion of the bar designed to come in contact with the rivet has
a polished, surface to prevent marring of the formed b;frails. These bar fa 's

must be kept smooth and perfectly flat' and the edges ard corners rotmded at 1

times. A satisfictory rivet installation depends on the condition of the bu.4

bar and the ability of the metalworker using it. If possible, hold the bucking
bar in such a manner as to allow the longest pbrtion of the bar to be ip line with

ttie rivet. Hold the bar lightly but firmly against the end of the rivet shank so
as not to unseat the rivet head. The inertia of this provides the force that
bucks (upsets) the rivet, forming a flat, headlike bucktail.

effg%
SPECIAL STRINGIER
NANO!

DIAMOND SPECIAL
POINT TUST

TORPIDO

NUT PLATS SPECIAL
OMIT

DUCKBILL

Fig 4-8. Rucking'bars.
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c. Striking tools, Generally speaking, this group of tools is composed of various types
of hammers and ma e s, all of which are used to apply a Striking where the force of the
hand alone is sufficient, The metalworking hammers\are divided into two elatsifications, hard
face.and soft face,- The hard-face hammers are made of forged tool steel whil the soft-face
are mane of wood, brass, lead, rawhide, hard rubber, or plastic. The metal ea ed hammers are
usually classified according to the weight of thejiead less the handle. The 4- and 6-oz
sizes are used for 'light work, such as tapping a prick punch or a small drift nch. The 8-
10-:and 12-oz sizes are best for general utility work; the 1-lb and heavier sizes are used for
heavy-duty jobs.

(1) Hard face (figure 4-9). One of the best known general-purpose hammers is the ball
. peen, often called machinist's hammer. The ball end is known as the peening end

and the flat fend is the face. A couple of cousins to the ball peen are the
rjst aight peen and cross peen. Both have wedge-shaped peening ends. The face end
i the same as the ball peen. A riveting hammer is used for forming metal as well
s for driving tivetS, and if you are forming sheet-metal seams, you will need a
setting hammer, which is designed Cor getting into tight corners and for forming
metal at right .angleS: TheplanishigN hammer has two metal heads witft slightly
convex faces. The heads may be round', square, or a combination of both.
Planishing hammers are lighter than most hammers and are primarily used to smooth
out metal-surfaces that have been bent out of shape. For planishing, the metal is
laid on a smooth surface, such as forming blocks or a stake, and the irregular-
ities are lightly struck with the hammer until smooth. Avoid glancing blows as
these will cause the metal to stretch.

Ball
Peen Plveting Setting 'Planishing

Fig 4-9. Hard-face hammers.

(2) Soft face (fig 4-10). These 6mners have faces of rawhide, wood, plastic, copper,
or pyralin. As a general rule, wood does, not make a satisfactory soft-face hammer
since it is likely to splintbr4 A closely wound rawhide mallet is very satis-
factory and will stand a surprising amount of aftse. Do not use it ou-pUnches or
objects having small diameter as they will destroy the surface of the face. A
more elaborate soft -face hammer features the replacable tips which are clamped in
the head of the hammer.' Tips are thlde of rawhide, babbitt, or copper. The mallet
is 'a hammerlike tool made of hickorl, rawhide, or rubber, and is used foropounding.
down seams and forming metal sheets over stakes. A mallet will not dent or mar
the metal as will a steel hammer.

4111141.1

Fig 4-10. Soft-face hammers.
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d. layout tools. The tools you will most often use 'in laying out sheet -metal patterns

willbe the scriber, dividers, flat steel square, trammel points, circumference-rule, prick

punch, center punch, and combination square. ,

(1) Combination square (fig 4-11). The combina-

tion square-maybe equipped with any of the

heads illustrated. Equipped with'a square
head, it can be used to layoff lines oe to
check work at either 900 or 450. It can

also beused to score a parallel line at a

given distance from an edge, or to check a

given thickness or depth by setting the end of
the blade the given distance from the 900

face on the squarehead. Equipped with a
protracter head, the square can be used to lay

off lines or to check work at any angle.
.Equippediwith the center head, it can be used

to find the center of round stock.
i Fig 4-11. Combination Square.

(2) Dividers (fig 4-12) and trammel points (fig 4-13).Z. Dividers have many uses, most

orwhfch are fairly- obvious. Probably their principal use is transferring

measurements from scale to work and vice verso.' jhey,are also used to divide a

given length into equal_segments an4 to scribe circlet on 'stock.. The trammel (fig

4-13) serves the same purpose asthe dividers, but can be extended to cover

mea rements which are beyond the capability of the diViders.

Fig 4-12. Dividers.

(3) Punches (fig 4-1 ). Punche are used to

ia
,ig

TW centers f r drawing ircles, to start

holes for drill ng, or to panCh holes in thin

sheet metal. They are generally classified
as to their design and intended use, for

example, prick punch, penter punch, pill

punch, etc. Center punches are used to start

the hole to be drilled with a4Iwist drill.

The point of the punch is ground to a 900 -

taper., The prick punCh is used to locate
points on sheet metal and to mark centers for

circles. ;Ole shank of the punch is ground to

a 300 tapir. Its use.is limited strictly

to "pricking".the sheet-metal surface to mark

a poiht and it should not be used in place of

the center punch. The pin punch, with its
long.straight shank, is used for driving out
straight and taper pins, rivets, etc.-

Fig 4-13. Trammel points.

4

ef

4

Fig 4-14. Types of punches. 4

(4) Measurinztools (fig 4-15). Rules are graduated measuring instruments made of

wood or metal. The graduations are in inches and fractions of an inch or in

.cgettmeters and millimeters. The most common ones used by the metalworker, are the

ft0Ible'steel tape,,the machinist's-6-inch steel rule, and.the carpenter's steel

.square. The metalworker will find that the flexible steel tape is suitaNaJor

most purPoses. The,carpenter's square, although basically a carpenter's

instrument used for laying out woodwork, is a very gdod instrument for laying, out

jobs on large sheet- metal surfaces.

4-8-
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CARPENTER'S STEEL SQUARE

STEEL TAPE
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4:

6 -INCH STFFI ROI E

Fig 4-15. Tools used for measuring and layouts.

(5) Scriber (fig 4716). The scriber is used for mgrking lines on metal, especialli---
when measuring with a rule. The bent end Is convenient for marking inside of

cylindrical objects or partially closed recesses. Keep the scriber sharp and use
it like a pencil with only enough pressure to make a clear mark.

EXERCISE:

1.

Fig 4-16. Scriber.

r
Answer the following questions and check your responses against those listed at
the end of this study unit.

An inside circle haying a small radius

a. bench shears. c.

b. combination shea . d.

2. Snips-designed Tor cutting sheet-metal
slightly heavier gage are known as

a. straight *Ind.
b,..) circle.

c.

d.

should be cut with

squaring shears.
hawks-bill snips.

A

up to 1/16-in thick,and aluminum alloys of

aviation
trojan.

3. When you bring two pieceslof metal together with
opening bet7en them, your action is referred to

a. backing. 1 c.

b. drawing up. d.

4. To form sheet-metal seams and get into
a type hammer.

a. ball peen
b. cross peen

ot. c.

d.

a .rivet set to

as

upsetting.
heading.

tight corners, it is advantageous

eliminate any,

5. To "bucklail" a rivet means that you are
-

a. cutting the rivet shank.
b. drawing the rivet.

c.

d.

set

wooden mallet

heading the rivet.
smoothing the rivet's edges.

6. List the four catagories of special tools used in metal-working.

a.

b.

4 -9
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Work Unit 4-3. SHEET-METAL FORMING MACHINES

LIST THE EIGHT MACHINES USED TO FORM,SHEET-METAL.

a. Slip-roll forming machine (fig 4-17). Sheet metal can be formed into curved shapes
over a piror mandrel, but tFe,slip-roll forming ngichine is much easier to use and produces
more accurate bends. Rolling machines are available in different sizes and capacities; some
are hand-operated, others are power-operated. The machine in figure 4-17 has two rolls at the
front and one roll at the rear. Adjusting screws on each' end of the machine adjust the height
and angle of the rear roll and control the distance between the front By adjusting the
rolls, the machine can be used to form cylinders, cones, and other curved shapes. The front
rolls grip the metal and pull it iiito the machine; therefore, the adjustment of distance
between the front two rolls is made on the basis of the thickness of the. sheet being used.
Conical shapes can be formed by setting the back roll at an ansle before running the sheet
through it, or they can be made with the rolls parallel. To mike a cone with the rolls
parallel involves slipping the large end of the cone througt the rolls at a slightly faster
rate than the smell end of the cone. Grooves located at the end of the rolls are used for
rolling wire or rods. To form a cylindrical object as sh in figure 4-17, the rolls must be
parallel to one another. The front rolls grip -the metal aWN11 it into the machine. These
rolls are geared to the operating handle and must be adjusted so"that just enough pressure is
exerted on the sheet to enable the machine to "grab" the metal. The rear roll is an idler and

'It is act usted up or dorm to form the desired radius. Adjust the f to grip the metal
that ou are forming. Adjust the rear 'roll to a height that is obviously less than enough to
form the desired radius. of the cylinder being formed. Start the sheet intothe roll. As soon
as e front rolls have gripped the sheet, raise the free end slightly. Pass the entire sheet
thr gh the rolls, forming a partial curve of the cylinder. Set the rear rolls higher to form
a s other radius, turn the sheet end for end, and pass it through the rolls. Continue turning
the sheet end for end, adjusting the rear rolls, and passing the sheet through until the
de fired radius is formed. To facilitate the removal of cylinders from the rolls, the top
fr t roll has a releasing device by which you can release and raise one end of the roll to
slip off the work. Practice and experience will enable yew to adjust the rear roll for any
desired radius. .

Rap

HOUSING

GROOVES

OPERATING HANDLE

ROLLS UPPER ROLL

KNURL D
ADJUSTING SCREWS CASE GROOVES

KNURLED'
ADJUSTING SGREWQ

11*nitr.
s r ta) MS(11T44 fMr

t ig)
11MTWG rat Cufrit

Si(r IC) ronwilo4 THI

Fig 4-17. Forming a cylinder with slip-roll
forming machine.

b. Rotary tnachirie (fig 4-18). This is used on cylindrical and flat sheet metal to shape
the edge or form a bead along the edge. Various-shaped rolls can be used to perform
operations such as beading, turning, wiring, crimping, and burring. The beading rolls are
used for turning beads (grooves) on Such items as' tubing, cans, and buckets, and for
stiffening and gripping. Beads may also be placed on sheet Stock that is to be welded.
Turning rolls are used for turning an edge to receive.a stiffening wire. The wiring rolls are
used to finish the wired edges prepared on the turning rolls. Crimping rolls are used to make
one and of a pipe smaller, .so that two sections may be joined together slipping the crimped
end into the uncrimped one. To turn anedge at right angles to form btirrs (narrow flanges) fOr
seams or heats, adjust and aline the rolls so that the inside edge of the top roll fits over
the shbulder of the bottom roll. Make the clearance 'equal to the thickness of the metal.
This is simpoant as less clearance will cause the top roll to act as a shear and damage your
material. Set the gage to turn up the proper amount of metal. Mk is usually from 1/8 to
3/16 inch. Place the disk as shown in figure 4-19A mad move the top roll- dom., until it grips
the stock and creases it.slightly. Crank the handle, keeping the edge orthe disk against the
gage. MloW the disk to revolve as ypu crank (fig 4-19B). The first revolution should be
fairly slow so you Can get the burr accurately established. After the first revolution of the
disk, disregard the' gage and the crease,. increasing the top roll pressure and turning

-7
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as before. Raise the disk slightly after each revolution (fig 4-190, and you can increase4
your cranking speed. The rotary head will take sets of rolls which are attached to they, shafts-
by round nuts that screw flush with the outside of the rolls:. .Figure 4-2() shows a set of
wiring rolls being used to wire an edge. Altoys double check your machine setup by doing a
practice Job on a piece Of scrap metal first. This will save you a lot of trotthle as well as
a lot of material.

SMOLA ' 'BURRING RODS STRAIGHT
&RAO ROLLS CRWANG ROLLS

A

Fig 4-18. Rotary machine and disks.

TURNING ROLLS WIRING ROLLS

Fig 4d9. Burring a disk.'

(A) (e) (e)

Fig 4-20. Wiring an edge.

6

c. Cornice brake (fig 4-21). The cornice brake is designed for4ending large sheets of
metal. It is adjustable for clamping a wide variety of metalsthicknItses and for bending this.
metal to a variety' of radii.. The brake is equipped with a stop gage consisting of a rod,
yoke, and setscrew, by means of which the travel of the bending leaf is limited. This is a
useful feature when it is necessary to make a number of pieces with the same angle of bend.
The standard cornice brake is extremely useful for 'making single hems, double hems, lock
seams, anyarious other shapes, some of which require the use of molds. The molds are

4
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Fig 4-21. Cornice brake and bending operation.

fastened e.to the bending leaf of the brakhy friction clamps, in such a position that the work

t
can be formed _over them. This machine is ruggedly constructed and will give lifetime servicecan

used properly.. It will speed up your work and produce more uniform bends than can be

produced by hand. Before making bend's with the cornice brakes, there arelwo things you have
to do in addition to' Making sure that the metal you are working with is not beyond the rated

capacity of the brake; they are as follows: .

Adjust the clamping adjustment screw for the gage metal you are working. The clamping

device holds the work firmly in position.
,

Adjust the upper-leaf to at least. the thickness of the metal. The djstance is
'measured-from the front edge of the lower jaw to the front edge of the upper jaw.

It is important that you make these adjustments. For example, 'if your clamping adjustments

are set for 113-gage metal and you make a bend in 24-gage metal, your sheet will not be held
firmly in position and will slip.- This usually causes the bend to 'show up in the wrong

place. On the other hand if the brake is adjusted VI clamp a very thin piece of sheet metal

and a thick sheet is inserted, the strain exerted on the clamping.handle may be enough t6

'break it. To use the cornice brake, Select a pie& of 18-gage,or 20-gage scrap metal. Scribe

a line across the surface (this line is known as the bend or brake line). Set the clamping

jaw device so that the metal will be held firmly in place without having to exert ',too much

pressure on the clamping handle. Set the bend allqwance (fig 4-22) on.the upper leaf for the

metal you are working on: This distance is mea'sured"from the front edge `of the bottom leaf to

the front edgae of the upper jaw. When the allowance set on the upper jaw is equal to the' .-

thickness of,the metal, ydu will get a.sharOtbend. When your alloOtance is*eater than the
metal thickness, the bend will have a slight_ arc. Raise the-upper leaf with the clamping -

handle and insert the sheet into the-htake, bringing'the scribe line on the sheet into a

Fig 4-22. Bend allowance.
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position even'with the !front e of the upperJaw. Clamp-the sheet firmly into position..
Raise the lower leaf to the desires angle, to form thedOend or flange, Release The clamping
device-and remove the sheet frqm the brake. When the metal you bend is soft and duCtile, your
bend will stay put.- If the metal is and and 'ringy, you will have to raise the lower leaf a
few more degrees than you would for so a to commpensate for the spring back of the
harder metal, The exact amount will be determined by the metal. Experience will be'your
instructor and your eye will be your'guide. You will sometimes have to make bends of the same
degree in a large numberlof pieces. When you have made the first bend, set the stop gage. To

do this, raise the bending leaf to the position required to make the first bend, slide the
:yoke (fig 4-21) up throd until it touches the stop *through which the rod passes, and tighten
the*sercrew. You can now'make duplicate bends by raising the leaf until it contacts the stop
gage.

Fig 4-23,' Cornice brake with attached mold.

d. Box apd pan,brake (fig 4)24).- The box and pan brake is often called the finger brake
since it doesinot have solid upper jaws as does the cornice brake,,but a,series of steel
fingers of varying widths. Thiefinger brake can do everything that a cornice brake can do and
several things that it can not do. The fingers are secured to the upper leaf by thumbscrews.
All fingers which are not removed for any *ration must be securely seated end firmly
tightened before the brake is used. The-finger brake is particularly useful for forming boxes

and similar objects. If a box were to be formed on a cornice brake, it would be necessary to
partially straighten one side of the box in order to complete the job. On the finger brake,
it is only necessary to remove the fingers that'are in the way. The finger brake is operated
in the same manner as the cornice brake. Before you start any work on the finger brake, be
sure that all the Mustments are correctly made for the gage metal that you are going to
fOrm, and that all fingers are properly set up. These fingers can be easily sprung if the

machine is misused or improperly adjusted. Don't bend rod, wire, band iron, or spring
tempered steel sheets on either the cornice or finger brake.

Fig 4r24. Box and pan brake. being used to n box.

e. Bar folder,(fig 4-25), The.bar _folder is a bench-mounted machine used to fold and
bend metal in a number of shape It is equipped with-egraduated scale to obtain any desirel
seam widths up to 1 inch. An adjustable collar stop al -lows the folder to be set so that any

bend angle can be mad. An adjusting screw located on the back of the machine controls the
raising or lowering of the wing, which in turn gives the desired sharpness of the beach To-

operate.the bar folder, adjust the thumbscrew to the specified width of the fold, thn turn
the wing-adjusting screw on the back of the machine for the desired sharpness of the bend.
Insert the metal under the foldfng blade until it rests against the stops.--Hold the metal

firmly in place with-one hand, grasp the handl.e,with the other, and pull forward until the
desired fold is made.

4-13
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fig 4-25. Bar folder and types of/bends which can be made.
4

f. Deep-throated beading machine (fig 4-26). Although beading may be done in an
emergency with the turning rolls of the rotary machine, the deep-throated beading machine is
especially designed for this. You will need to take several revolutions' to form a bead, thus
avoiding severe stresses and -possible cracks. Start beading next to the seam and stop Just,
before the scam is reached. Never allow a seam to pass through the rolls. If the thick seam
goes through the rolls, it will swing the machine and weaken the seam.

Fig 4-K. Deep-throat heading machine.

41;

to

b

.
g. Crimping machine (fig 4-273. Cr mping chines are 1 rink.

-

(by corrugation)
the aids of metal cylinders so they can be fitt to oth cylinders of the same size. Some
machines arsp carry beading rolls next to the crimping ro is as shadn in the illustration.
The bead reinfg.eces the cylinder end prevents it from sl ping too fat 'into other cylinder...

A
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For jobs with riveted or grooved seams, start the crimp near the se m and stop the crimp near
the seam and stop-the crimp when it comes around to the seam. -Neve ramp over 11 seam; it
will damage the rolls and spring the shafts. Keepithe edge of the c der against the gage
'and you will gitka net job.

.1

COLLAR --

(IA0E--

CIRCULAR NUT

'CRANK SCREW

HOUSING

CRIMPING ROLLS.
OGEE WINOSGR

EADM40 AND
CRIMPING ROLLS

WINONUT TO
TIP ROLLS

OPERATING
HANDLE
.4

Fig 4-27. Crimping machine with combination crimping and beading rolls.
Ai...,

h. Setting down machine (fig 4-28). Setting down machines are used to close single'
seams. They are a 1-job machine, that is, they can be used only for setting down or:closing
seams. Their beveled jaws grip the seam and mash it down lo make it ttght and smooth.

BOT TOM
ROILS

SET TING
DOWN

,.Fig 4-28. Setting down machineslosing a seam.

i. Sheet-metal stakes (fig 4-29). Some of the work-that you may do 40 sheet-metal shop
may involvkthe die of anvils and stakes. You may not have all of those illustrated in figure
3-29, but you will probably have some of them. These stakes have a variety of shapes-and,are
used to back up the metal when forming. the many curves, angles, and.seams in the forming
process. The stakes are not delicate instruments and many of their faces are hardened steel;
nevertheless, they demand pr er'care and use. Do not use them as backing Olen chiseling
holes or notches in sheet met 1.44" If they are used in this manner, their surfaces will become
marred. -Some of your work may require the use of several stakes. The stake is held securely
in a stake holder which is usu lly anchored to a workbench. One of the tappered holes in the
'stake plate will fit the tapered'shank of the stake that you may be using. Small, cylindrical

apes and bends with small radii can be formed over the Stakes. Suppose you were told to
form a small cone over a stake. Figures 4-30'and 4=31 illustrate the forming.of a cone on.a
blowhorn by light blows with a mallet.. Form the remaining portion of the;cone with your hands.

-by'working the sheet with a rolling, sliding motion over the stake/ When selecting the'stake, .

remember that the radius of the stake must be slightly smaller thin the radius of the object
that you are forming. Form the edges of the sheet in the manner you used on the cone, and .

finish the operation with your hands. If the - material yOu are forming is a heavier, gage than
you can readily work with your hands, you will hive to form the piece over the stake using a
mallet to shape the sheet.

a
4.

r'
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Fig 4-29. Stakes and stake: plate.

Fig 4-30. Forming a cone on a, blowil. orn
stake.

Fig 4-31. Forming a cone with your
hands.

j. Suninar . Shop organization varies, from'oneAuty s;ation to another. A- relatively
large repair facility may be organized to permit a feat al of specialization, that is, some
metalworkers will work as sheet-metal men, others may devote all their time to welding. ,In
smaller units, you may work bn different jobs without specialization in any of them. It is -

likely that you will be assigned first to on type of unit and then to another; not only will

you do different types of work, but you will be workingirith different types of machinery.
Although you may not know. the proper methods of operating these machines, your NCOICJiill give
you the scoop on the hair's, why's, and wherefore's. It was the intent of these parall'aphs to
familarize you with the different types of -machines and practices that you may encounter in
your travels about the Corps. The nest iniportant things to-remember about tools (personal,
special, or shop) are to use them for the purpose for. which they are intended% keep them
clean, and keep them in topnotch condition.

EXERCISE: Answer the lowing questions and.check youi. responses against those listedeat
the en this study unit.

1. When forming a cylinder on the slip-roll forming machine, you obtain the 'aesired
radius by adjusting the

top front
. lower front

roll(s).
c two front
d. rear

4-16
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2. Conical shape can be formed on the slip-roll machine by angular setting of
the roll(S).

a.. rear
b. top front and rear

c. 'two front
d. bottom front and rear

3. The process in which a machine turns an edge at right angles t#)form narrow
flanges for seams is known as

a. beading. 0
c. turning.

b. burring. d. crimping,

4. The process whereby rounded edges are formed is

a. burring., c. turning.
b. beading. .d. wiring.

5: The process of shrinking the end a a metal cylinder so that it can be fitted into
a cylinder having the same diameter is known as

a. setting down.' grooving.
'b: drawing. 1. crimping.

6. Aillachine used to make a uniform bend in sheet metal is called a

a. cornice brake. bendit stake!
b.' "bender. creasing stake.

7. Aberse, Made with a cornice brake, t t has a slight arc indicates a jaw setting
that is

a. equal to'the thickness of the metal,
b. less than the thickness of the metal.
c. greater than the_tOikness of the metal,
d. twice as large as the thickness,ofthe metal.

8. Spring -back allowince for machine bending of hard and springy metal is compensated
for by 4

a. increasing the machine pressure.
Y

b. annealing the metal before bending. ..

c. raising the lower leaf a few more degrees'than you would for s fter metal.
d, ,adding the difference between the inside,and outside radius of the bend to the

.

thickness of the metal , ,:z2

9. To make duplicate machine bends you would use a,

a. stop gage. c. stake.
b. dolly. d. finger.

.

10. A machipe in 44110 parts of the upper leaf may be removed for forming a box is
called a

a. cornice brake. c. bar folder.
b. finger brake. d., mold.

11. On the bar folder, the deOred sharpness ins, -the bend is obtained by setting the

a. graduated scale. c. adjustable collar stop.
b. gage adjustment screw. d. wing-adjusting screw.

12. ,When using the crimping machine with rolls and encountering a seam in the metal,
you should

a. permit it to go through the r olls with reduced pressure.
b. never form it until after crimping.

never permit it to go through the rolls.
d. permit it to go through the rolls one time only.



13" The mashing down of a single seam to make it smooth and tight is celled

a, drawing.

b. crimping.

c. setting down.
d. upsetting.

14. Bend limes on sheet-metal are sometimes referred to as

drawing c. enter

brake d. protection

15.-,
///When selecting a stake, you should select ne whose radius is

object being formed.

a. slightly larger thap . c. the same size as
b. slightly smaller than d. one -half as large as4

16. List the eight types of mackjnes used in metalworking: 4..

a.

b.

c.

d.

Work Unit 4-4. SHEET-METAL-LAYOUT

e.

f.

B.
h.

IDENTIFY THE BASIC PROCEDURES AND FUNDEMENTALS OF SHEET-METAL 'LAYOUTS.

the

Before-laying out jobs on sheet metal, Au would save material if you would first

practice the layout on paper. If at all possible, use template paper. This material has a
waxed surface that is well adapted to scribe and divider marks;.however, if none is available,
heavy brown' wrapping paper can be substituted. In this case a hard penO1 will have to be
substituted for the scriber, and a pencil diVider for your layout dividers. Care should be
taken to keep your penc41g, dividers, and scribe ,sharp because,tq accuracy of your work w*
depend on them.

a. Using layout tools.

°(1) Scribing a line. Figure 4-32 illustrates the
correct method of scribing a line using a
scriber and rule. Hold the scale or straight-
edge firmly in place. Set the scriber as
close as possible to the edge of the scale by
ti.ltirig it outboard. Exert pressure on the
point and draw the line, tilting the tool
slightly in the direction of movement. When
you have to draw eline between two points,
prick-punch'both points, and start from one
mark and 'Scribe toward the center; then
complete the line by scribing from the other
mark to Join the first line.

Fig 4-32. Scribing a line.

o

(2) Steel square. The flat steer square. is a useful tool for laying out sheet-metal .

jobs. Before using it, or at least at perApdtc intervals, you should -check the
square for accuracy. When your square is off, your work will be off no matter how
careful you are. In parallel line development, you wilt use the square.to
construct lines ..that are parallel to each other as .well as perpelecular to the
base. This procedure is illustrated in. fig Just clamp tiOlerqtraighteAge .

firmly to the base line, slide the body of the square along the stisailhtOdge, and
draw perpendicular lines through the desired points.

. .

e,
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Fig 4-33. Drawingz,parallel perpendicular lines.

/I
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Combination s uare and protractor. The combinationIsquaw can be used to draw a
al upon which you
the head of the
you can

er than 450
x of the angle on .;

the termination or N

n the mark ffilethen

similar set o -Tfnes as shown fn figure 4-34. An eige of the me
are working is used as the base line. in- both cafe. One edge
combination splare is 900 an, the other is 450. 1pith the squa
construct' 450 and 900 angles, but how about lines at angles
and 900? The protractor is the tool you need. WI( the ver
your base line with a prick punch Mg 4-35). lhe vertex
intersection of lines. set the vertex of your protr
scribe a small V at the desired angle. 'Scribe a line from the V Apil to the
verte k and you have constructed an angle. When you locate point and mark
it tick punch, use very light taps with a. small ballpeenJbammer The
smaller the mark you make, the more accurate that tfirkebecomes.

St

1
4-34. Using combination square."

Fig 4-35. Angle construction with protractor.

E

r

(4) Dividers. You will use dividers to scribe arcs and circles, to transfer measure-
/ rflonfs from a scale to your layout, and to transfer measurements from one part of

the layout to another. Careful setting of the dividers is of prime import
When you transfer a measurement from a scale to the work, set one point your

dividers on the mark', adjust the other leg to the desirgd length, and t ten the

lock Icc-ew securely. To scribe aearc, dh a circle, grasp the dividers between-
the fingers. and thumb, place the point of one leg on the center and, ex tang

enough pressure to hold th point on center, slightly incline the divide s in the
direction in which they ah*being rotated, and swing the arc.

(5) Trammel Points. There will ,be times when you will have to constretircles or

arcs larger than the dividers are capable of. making.' This is when you will use
the tradmel. To adjust. the trammel points, you set the left leg on the mark,

slide. the right leg along the beam, and tighten the thUmbscrer The arc or circle
is then scribed in the same manner as with the dividers.

4'
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b. imp)e uts.' A stretchout is a pattern on a flat sheet which has not been formed.
If a flat SKee s droyt to the correct shape and size,' it may be formed into a

t 3-dimension dXfieNfig14-36). When jobs are laid out, allowances for edges and seams must
be added. here are many different ways to lay out patterns on flat sheet metal. Here we
will disdts some of the methods that you may use in most metalworking layouts using the .tools
previously entioned. 4

PL

0

Fig Forming square and cylindrical shapes from flat patterns.

(1) Geomet ic constrUction.

I

It

(al Erectins- a_ perpendicular pd-b14cting a line.
This is no trick at all -if you have a true At

steel square. But suppose you have On square
and you still:need a right angle for your lay-
out. break out ygur dividers, a straightedge,
and a scriber. Draw a base line like the one
labeled AB in figure 4-37. Set your .dividers
for a distance greater than 1/2 AB, then with A
as the center, scribe arcs at C and D. Then
without .changing the setting on your dividers
and using B As a centif, scribe another pair of
arcs at C and D. Draw a line through the poirits

A

11,1,

N't

er

Fig 4-37.' Bise
r

tinila line.

where..the arcs intersect.and you will 'have erected prependicul es to line AB,
forming folk 90° angles. You will Aso, tAave_bisected line AB ito two equal
parts.

(b) Construction of%a 90o angle with dividers.
Constructing a right-angie at a giien point

Stwith a pair of dlkiders is something you will
find quite useful ,in making layouts. Figure
4-38 illustrates a method for constructing a
right angle at a given point. Suppose you.
have line XY with A as a point at which* you
need to construct a righk.angle. Select a .

point within the proposed angle- that You wish-
to construct. In figure 4-38, that point is
C. -Set your dividers equal 6 CA, and using
that as a radius; swing an arc BAD with C as
the center. Lay a straightedge along ,the
points D and and draw a ling,which will
intersect the arc at B. Now draw a line,
connecting points A andel) and you have

a 900 angle. This method milrY be

used for qonsFucting cornei in a stretchout
for square or rectangular objects.

Pig 4-38. Constructing a 90°
Angle At a give point.
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(c) Bisecting an angle (fig 4-39). Another
construction thht you should be familiar with 4
is bisecting an angle. Referring to the
illustration we find the angle ABC isgiven,
With B as the center, draw an arc cutting the
sides 4,00(he angle at D and EJ With D and E
.46 centers, set your dividers with a radius
greater than half of arc DE and draw arcs
intersecting at F. A line drawn from B
throughthe point at F bisects the angle ABC.
In all probability you will have a protractor
to lay out angles, but just in case you don't
have a square or protractor, it's a good idea
to know how to construct angles of various
sides.

(2) Cylindrical layout Ifig 3 -40). The stretchout
of a cylindrical objet will be rectangular in
shape. One dimension of the layout will be the
circumference of the cylinder. When you are
given dimensions for a cylindrical job, you

pee' will be given the diameter of the finished pro-
duct rather than the circumference. This you
will have to find out.for yourself. There are
two ways for you to do this, by computation or
by using a circumference rule. Remember that
the circumference of any circle is 3.1416 (1r)
times the diameter (C=70). By using this
formula 'you can find .the length of the stretch-
out of anicylinder. The length of the desired
cylinder is your other dimension. Another
method is by the use of the circumference rule
(fig 3-41). The upper edge of the rule is
graduated in inches in the same manner as your
regular scale, but the lower edge is graduated
in circumference inches. That is, no matter
what diameter in inches you select on the upper Fig 4-40. Stretchout of a
edge, the reading directly below that is 41416 qylinder.
times the top reading.,

a

Fig. 4-39. Bisecting an angle.

1111111 111111
fra1414T

I 11111111111 WI Tyr

(
r

Fig 4-41. Circumference rule.

Notice in figure 4-1 that the reading directly below the 3 1/2-in, marklis just a
shade over 11 inches. This reading would be the length of the stretchout of a
cylinberf that diameter. A variation of the cylindrical job that you may run
into is a flat-sided figure with round ends (fig 4-42). To figure the stretchout
for this shape, find the circumference of a complete circle that would be formed
by the two curved ends of the shape. Then add twice the length of the straight
part, W In figure 3-42. Use the following formula for figuring your unknown
dimensions: Stretchout 217Y D + 2W. The symbol T is always 3.1416. Here is an
example: Let 0 u 5 and W = 6. NoW, 3.1416 x 5 + 2 x 6 = 27.7080, or about 27 3/4
inches. So one side of your stretchout would be 27 3/4 inches and the other, of
course, would be the length of the cylinder.
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Stretch Out

Fig 4-42. Cylindrical variation.

(3) Pattern development. Before we progss to
other methods of laying out patterns, let us
lay out a simple drip pan bt the type that may
be found in any shop using some of the methods
that we have covered up until now. First you
will need dividers, a straightedge, and a

sheet of paper. For this exercise you can
form' your own dimensions: the length, width,
and height of the pan. Draw a base line (line

AB, fig 4-43). Select, a point on this line

for one corner of your layout. Erect a
perpendicular through this point to form a

900 angle. Now, measure off the required
length of the pan and erect another 900
perpendicular line. You now have three sides
of your layout. Using the required width of
your pan for the other dimension, connect the
two perpendiculars that you have erected.
Now, set your dividers for marking off the
depth of the pan. Using each corner for a
center, swing an arc as shown in the
illustration. Extend the end and side lines

as shown in the last step of figure 4-43, and

complete the stretchout by connecting the arcs
with the straightedge and2s.eriber.- All that
is left to do is to allow for seams, which
will be discussed later, transfer of the
pattern to sheet metal, and.cutting it and

: bending it. You have seen how to lay out a
drip pan-without a steel square by the use of

geometric construction. You bisected a line,
erected a perpendicular from a given point,

-1' arid drew parallel lines. You will find that

_these and other geometric principles may be
used to $10 a lot of layout probl&s rapidly.

Fig 4-43. Layout of a drip pan.

(4) Parallel, radial line pattern dein pment. If the only work you would be called

on to do consisted of laying out an fabricating drip pans, boxes, and straight.
sections otcylindrical and retangular. objects with straight lines; your work
Would bek,a1y since it would consist of nothing but straight-line ahgular

development; plus allowances for seams and edges, and visualizing the notch

needed. But there misy.come a time when work will call for elbows and tees which

cannot be laid out with the straight-line method.

4-22 At
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(a) Parallel line. Thts development is based on the fact that a line par 11 to
another line is an equal distance from 'that line at all points. The ma n
lines of a structure to he laid out by parallel line development are parallel
to each other. Objects having opposite lines parallel to each other, or which
have the same cross-sectional shve throughout their length, are developed by
this method, InVing this, there r/rertaiyrocedures that must be
followed:

(

A*"

First, draw a plan and elevation of desired object in which the parallel
lines are shown in their trtie lengths.

Visualize the pattern from a right view of the Abject in which the miter
or lines of intersection are shown (fig 4-44A).

Draw a stretchout at right angles to the parallel lines of the obAct,
upon which is placed each space contained insthe sectioNtor plan view (fig

Alb

4-448).

Draw measuring lines at right arigl s to the stretchout 11n s of the
pattern. ,

Draii lines from the points ofeintersection on the mater line ( ig 4-44C)
and extend these lines to intersect similarly numbered lines dr wn from
the stretchout, tb show the outline of theitieveloppent.

Trace Wine through t e points thus oh 'fined to give the desired patted"'

Hard to understand? All righ let's cqn4ruct or dev 1 step by step a
of a vent the parallel linenethod. S a pipe may be usedlayotfor

ventilation of riding. First, construct an ation on themiter.
ik

line similar to the one in figure 4-44A. The mite is inclined plane or
slant of the roof line The elevation is a fron v w. tine AB represen s
the diameter of the pipe. The distance betwein line AB and the miter line i
the height of the pipe, ich will vary around the' circumference of the pipe.
Find the center of line A and construct a centerline as sham in figure
4-44A. Set your divider for one -half -the distance of line AB. Construct
line 1 -7 parallel to an just above line AB. Using the point where line 1-7
is intersected by the e vation center-line, swing an arc with the dividers, _

completing the half pl n as shown in figure -44A. Step off the circumference
of your half plan wi your dividers into ix.equal parts by taking.1/2 the
radiussand starting t point 1 making an i ersecting arc at po nt, 2. Th.
set your dividers at point ,2. ,.Make another- rvOing arc at point 3 and
continue around the circumference of the half plan fintil it is qually dilide,
as shownrin figure 4-44B. Set your straigttedge a1 right anal to the
centerline and, using it as a base line, draw line's" parallel' to the center-
line. These. parallel litres must be drawn from the points whdre.the arcs
intersected the circumference of the half plan to the miter like. With 'yoUr
straightedge, draw line EF Ifin extension of linelB), andsterf-bff twice the
distance you stepped off in the circumference of the half plan. Draw, ei, line
GH parallel to EF at a distance equallto the.gt.eatest height of the
elevation. Through the points located on the e*tended line EF, by stepping _.

off with your dividers, connect lines Ef and GH by drawing parallelllines- and-,
number these lines in proper order as illustrated (1 to 7 to 1). . You are now
set tp transfer the miter line KDC in the elevation to the elevation to the
stretchout. To transferc-the miter line, merely project) the points of
intersection/on,. the miter litke-numbered linFs on the stretchout (indicated b
long broken lines). These lines are drawn at right angles to. the numbered
lines and pafrallel to line AB. They are drawn from the point at which they ,

intersect the most distant' like-numbered line in the stretichout. The pattern
is completed by connecting the points of intersection on the stretchout with a
curved line (hiolicated by small 6roken lines in figure 4-44C). Rethember, the
more care you fake in drawing your elevation, stepping off the half plan, and
transferring your measurements, the more aCcurate the finished product will be.

r)
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A

Ag 4-44.- Elevation and plan of intersected pipe.

S

f

(b) Radial line. This method of pattern development employs some of tPle'features
of the Parallel line development that you will recognize ,when you have laid
out a frustum of a right cone. You are familiar-with a cone. A right bone is

. one which, if set on a flat'surface, would stand straight up. The frustum of
\ a cone is that part which remains after the Point, or top of the cdhe is ,-

.removed. To develop a-pattern for the frustum of a Cone, let's proceed on a,
step-by-step basis referring to figure 4-45.

1 Draw a side view of the,cOne, using'such 'dimensions as the job may
N\--- require. Letter the vertex A and the base BC. At point D, and parallel

to line BC, draw a line that cuts the top of the cone. That portion below
this line is the frustum.

./40007.

2 Draw the half plan beneath the base of the frustum. Step it off into an
equal number of spaces and nfter as illustrated. -4 ' 4kt-

3 Set your dividers the length of the cone ,along lint AC and, using the
vertex A, swing an arc equal to the length of the circumference of the
bot in of the cone (C A

4 Se your dividers equal to the distance of the step-offs on your half plan.
and step off twice as many spaces as there are in the halfplad. Number,
them 1 to 7 to 1.

5 Draw lines connecting-A with point 1 at each end of the stretchout.

6 Now with A for a center, $et your dividers along line AC to the length-of
AD. Scribe an arc through both lines drawn from A to,l, The area
enclosed between the large and small arcs and the lint numbered I.ispr .

pattern. the 'frustum of a cone. Add allowances for seams and edginh
and your stretcho4 is complete.-

4
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Fig 4-45, Radial develqpnent of a fruStum of aright cone.

(5) Edges seamst"and notches. Thus .far your practice jobs have been laid out to 'be
formed with the edges left as they are. Very few jobs in the shop will actually
be fabricated in this manner. Edges are formed to improve the appearance of the
work, strengthen the piece, or to, eliminate the raw rdge. These edges may be,

formed from the metal itself, by inserting wire,-er by 'attaching a band or angle
iron. ,.The" kind of edge that you w l l use -on any job will be determined by the
purpose, size, and/or striength of he edge' needed.

(a) Edges (fig 4-46). .The single-hem edge can be made of any width. In general,
the ireayier the metal, the wider the hem.. The allowance for the hem is equal
to its width (W in the illustration). The double -hem edge is used if
additional str-ngth is required or' if a smooth edge is desired inside as 1111
as outside-. The hem.allowance is double the width of the . A wired edge
will often be specified in the plans. Objects such as ice cu trays,
funnel s, and water buckets _ar:e,manufactured with, wire edges to strengthen and
stiffen them arid to eliminate sharp edges. The allowance for a wired edge is
?.1/2-timesthe diameter of the wire being used.

Single-hem

A

Double-hem

Wired edge

Fig 4-46. Types of edges.

4 -25
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(b) Sheet-metal seams.

e

1 Lap seams (fig 4-47). During the instruction: on laying out a drip`pan, it
wasmentroned to allow for tabs for seaming with rivets. This method of
Joining ssheet -metal is known as Tap seaming. Lop seams may he plain,
offset, or corner lap. These seams may he joinZd by drilling and
riveting, soldering, or, a combination of both; To figure the,pllowance
for seams that you plan on riveting, you mulct k-nbw the diameter of 'the
rivet to be med. The center of the rlytt rustl,be set in. fro* the 'edge a
,distance 2 times its diameter. Ydur allowance for' the Seam, then, must he
A:times the diameter of the rivet to he used. Figur/P-47 illustrates lap
seams and plain lap and corner lap layouts Mr seaming with rivets. On

the corner. lap, allow an additional 1/16 in .,..for clearance: The "d",
represents the diameter of-the riVet-

Fig 4-47. Lap seams' and riveting layoUt.

Grooved seams (fig 4 -4f). These are useful in construction of cylindrical
objects. "Pie two types .are. the inside.groove and the outsidv groove. The
allowance for a"grooved'seam is 3 times the width Al in. fig 1,48) of the
lock, one-half of this amount being added to each edge. For example, if
you have.a 1/4-in. grooved seam on completion of the seam, then you, must
allow 3 times thivarnount (-3 x 1/4 = 3/4 in.) for the total allowance of
material needed to complete the seam. The aMountof material, that -you add
to each end of the sheet metal for this seam is 1/2 of the total amount,
or 3/4 x 1/2 = 3/8 in.

ti

Fig 4-48. Groove s.

3 -Pittsburgh lock seam (fig 4,-49). This is a very useful- downer seam which,-,
is used to advantage in the .fabrication of rectangular ventilation lima;
elbows, and boxes. At first glance, the seam appears to be rather.
complicated, but like lap and grgoved -sea*, tt consirts'of only two
pieces. The two .part are the flitnged or single edge a!id'the pocket that
forms the lock. The °Oocket is formed; the flanged edge is, inserted Into
the pocket, and the projected edge is turned over- the. inserted flanged
edge. The allowance for the pocket is'W + r+ 3/16 .inch. The flanged
edge must-be less than W. For .example; if you are laying out a 1/4-in,.
Pittsbtirgh lock, your total allowance.-should be 1/4+ 1/4 3/16'; or 11/16
ih. for the pocketedge and 3/16 in. fdr the flanged. edge.

4-26. -1
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Fig,4-49. Layont,of Pittsburgh lock seams.;
.

A
(C) Notch constru on (fig 4-50). Notching'is the last; but not the least,

important-It-Op o be copsidered when you are getting ready.to lay Out a
Before-you can mark a notch, you will have to lay-out a pattern aid

add the seams, laps, or stiffening edges. If the patterns aren't prope0y-
notcted: yOu will have trouble when ybu start forining assembling, and
finiShing the job. No rule .for selecting theoroper. tch for the lob can be
given. But as soon as you get to where you do visua ize the assembly of the
project, yOu wgn't ha4e any trouble determining what type of notch will be
needed: If the ribtch is too smallor,not the proper shape, the metal will
bulge and 'over Lap at the seam or edge, -If the notch is too large, a hole will
appear in the final job. Don't*worry If the first notch you make doesn't 100
well orcome out 0 yoU would like it to'. This comes with practice and
experience. One of the first that you will'otobably make is.the slant notch.
'CIS cut at a 450.angle across the corner wilen.a.single hem, is to meet at a-
909..angle. When you are seaming the ends of boxes, trays, pans, etc., a
V-notch is used. ..-.Figure 4 -50 shows the step -by -step method of constructing a
V-notch. _If; however, you are going to make an inside flange on an angle less
than 900, you will have to construct.a modified V-notchin order to get-
flush-jointt.

SQUARE NOTCH

Fig 4-50.. Cbnstruction of nb ches.

4 7,,
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A wire notch is used with a wired 4idge. Its depth from the edge of the

pattern will be one wire's diameter more than the-allowance for the wire edge

(2 1/2 d) or, in other wordt, it will be 3 1/2 times the diameter of the

wire. The shape of the notch on the seam will depend on the type of seam

used, which In figure 4-51 Is 450 for a grooved seam.

s.

p
w

Fig 4-51. Wire notch in cylindrical layout.

c. Joinini the seams. Not all, but a large majority of the seams in sheet-metal work

will be riveted. Rivets areavallable in a variety of sizes and heads. The tinner's _rivet

shown in figure 4-52 is the type that you will most likely come in contact with. ..It will.,,vary

In size from the 8-oz to the 12-lb rivet. This designation is. the weigh, of 1,OQO rivets

(1,000 of the smallest size weigh 8 oz). As the weight per 1,000 rivets increase, the

diameter and length of the rivets increase. The 8-oz rivet has irdiameter of0.089 in. and

is 5/32 in. long, while the 12-lb rivet has a diameter of 0.259 in. and is 1/2-in. long. For

special jobs that require fastening several thicknesses ormetal together you will use a rivet

that has an extra long shank, but the same diameter as the rivet you would normally use.

Select the proper rivet size for the gage of metal you intend to fasten. Figure 4-53 will be

of help in selecting the proper rivet. You will determine rivet SpaCing from the drawing or

blueprint. If the spacing is not indicated, the type of seam will indicate the ,spacing bf the

rivets. A job that has to be watertight will- have more rivets per inch than a job that does

not. Whether the spacing is close' together or far apart, be sure that you all-ow a distance of

2 times the diameter of the rivet from .the edge of the sheet when locating the centerline for

the rivet hole. When you have determined the rivet size and the location of the rivet hole,

your next step will be to make a hole. You can either drill the hole or punch the hole. If

the location of the hole is° near the edge, the hand punch illustrated in figure 4-54 will

serve to good advantage. Rivets are not always located neat the edge of the sheet, and you

may have to drill. Whether you punch or drill the hole, remember that the hole must be

slightly larger than the rivet you have selected. You wilp.3 Use a rivet set to draw the two

pieces of metal together and head the rivet. Select two pieces of scrap mdtal and determine

the correct rivet size from figure 4-53. kay out and punch the holes.

I
.1:1919119119

ut
Fig 4-52. Tinner's rivets.

Gage of metal

S'i'ze or rTveT
(pounds)

26' 1

24 Ibli 2

22 2 1/2 /

20 3

113

.

3:1/i

16 4

Fig 4-53. Guide for,selecting rivets:

4-28
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Fig 4-54. The hand punch.

(1) Select the rivet set'having a hole slightly larger than the rivet diameter.

(2)' Insert the rivets in'the holdes and rest the sheets to be joined on a stake or
solid bench top with the rivet heads against the bench top.

. /
.

(3) Draw the-sheets together by placing the deep hole in the r s t ver the rivet
shank and striki the bead of the rivet set with a ing h use a .,
lightweight hamme fop/small rivets and a heavier hammer for heavier rivets.

.(4) When the sheets are roperly drawn together, remove the setand strike the end of'
the rivet a blort from the riveting hammer to upset the rivet. Don't strike too
hard a blow, as it will distort the metal around the hole.

.

(5) Place the dished portion of the rivet set (the heading die) over the rivet and
form the' head. One orCtwo bloWsflare sufficient to form the head. A correctly
drawn, upset, and headed rivet is illustrated in-.figure 4-55. Avoid the trolib1es
in the lower half of the illustration.

eii

CORRECTRlide,TING

c=1410
I. ORAWN E. UPSET . J, HEADED

TROUBLES
HEAD Too SMALL

$
I RIVET NOT DRAWN f SHEETS NOT DRAWN

Fig 4-55. Correct and incorrect riveting.

Remember that it is hdcessary to strike the rivet set with all the power you can
muster to' do a good riveting ob. Use just enough force on the hammer to do `a' good sheet.
metal riveting job. When it s necessary to rivet a seam on a cylindrical object (fig 4-56),
you can use the, llow mandrel stake or other suitable bars to triek the rivets. On the seams,
insert rivets in he end holes, slip the piece over.the stake, and draw the seam together.
Strike the rivets and enough to upset the rivets enough to hold the seam together. Insert
the center rivet, draw, upset, and head thit rivet. Complete the satin riveting from th0
'center' out to one end and then tp the other. end. Complete the job by,drawing and heading each
rivet.

a

Fig 4-56, ye cy n r ca se

44.9

168

.,,

fS

-



Ke

N.

EXERCISE:'

.
i .

, ., . ,

Answer the following questions and check your responses against those list
the end of tbisittudy unit. '7 .

.. *A'.7

1. The ldngest stretchout dimension (seams not included) of a cylindrical
ft. long and 6 ln. in qiameter will be . inches.

A
A. 4.71 C. 18.0

r,

b. 6.0 d. 18.8496 e

'dr)

2. The method used to develop a pattern of an intersected pipe is
. r r ,

a. parallel line. c. rAial line.,.
b. aqular. d. geometric.

3. The meth66 used to develop a pattern of d cone. is

a:, parallel line. c. radial line.
b. angular. d. geometric.

4. You are making a wired edge on an, ice cube tray with wire 1/16 in
You must allow '.in, for the wired edge.
,

1/32'
1/16

c. 5/32
d. 5/16

e 1 1/2

5. The a1lOwance for a Jan seam which is to be riveted with 1/8 in. rivets
- Is inch.

.a. 1/8
b. 1/4

t c. 1/2
d. 3/4

)i\J

ter

6. In makip§ a corner 1 4 seam which is to riveted, your allowance for cleararic&
-should be

a. 4 times the dia plus 1/16 inch.
b. 2 1/2 times ri iameter.

c. 4 times rivet diameter.
d. 1/2 the lap width.

If a 3/8 in. grooved semi is specified, your allowance on each edge would
be 'inch.

a. 3/8
b. 9/16,

c. 3/4
1 1/8

. \Yhe type of seam used for the construction of a cylinder is a seam.

a. grooved . c. plain lap
b. Pittsburgh locK d. off set lap , ,

,

9. With referense-)to theepocket deOth on the PittsfOu4 lock seam, the width of the
flanged edge must be ,

a. more.
;i;',.*

c. the same.

4. less. d. -twice the pocket depth.

Rk
S.

Rivets for 0 p 4re-set' rivet diameter from the edge.

'410 ,;* ,

a. 1 1/2 '.1rtiliO "' '1' c, 2 1/2
,.,, # ,

b. 2 , 01-d. , t d. 3

11, When the single-hem edge'is Xt, meet at a 90° angle, the type of notch used is the

a. .slant.
b. modified "V".

c. wire.
d. square.

"12. If the inside flange isto be con structed on an a ngle of less than 90° a
type notch would be used.

I., - ,. . C
1. slant , , c. "V"
b: square d. modified "V"

4-30
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13. The depth of the wire notch from the edge of the pattern will he

a. 1 1/2 tImes the wtdth'of the seam.
b. 2 times the width of the seam.
c. 2 1/2 tiMes the'diameter of the wire.
d. 3 1/2 times the diameter of the wir.

.4

14. The shape of a wire riotch will depend on the

a. type of wire.
b. size of wire.

c. type of seam.
d. size of seam.

15. The .tanner's rivet size is designated by the

a.., weight of 1,000 rivets.
b. weight of 100 rivets.
c. diameter of rivet shank.
d. length of the rivet shank.

16. In tpe illustration, tFle, figure which shoi$ pie correctly drawn and headed rivet
is

SUMMARY REV IEW

ft.

LIAV OW M A ' AMkNolkNI6 11,\\

A.

In th is study unit, you learned to identify the use of Metalworking Machines and
SpeCial Tools utilized within the Marine Corps.

Sr

4
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Answers to Study Unit f4 Exercises'

Work Unit 4-1.

1, d.

2. c.

3. b,

4. c.

5. A .

Work Unit 4-2.

1. d.

2. a. r.
3. b.'

4. c.

5, c.

6 a. snips
b. riveting tools
c. striking tools

d. layout tools,

Work Unit 4-3.

1, d. .9.

2. a. 10.

3. b. 11,

4. c. 12.

5. d., 13.

6. a. 14.

7. c. 15.

8. c.

Work Unit 4-4..

a.

b,

d,

C.

c,

b.

.010;40,t1-11
b. fitotary'..,':

'COrOAte,-
d,¢x : rind panic

joidiPr.';'-
liVell4hrbat - bending

:6101:009
-SoOno -down'

1. d.' , 5. c, 13. a.

2. a. 6. a.
, -' '14 14- 0.

3. c. 7. b. ;:af, a.,4.' 15. a.

4. c. 8. ,a. 12: d. 16. b,

-

411
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STUDY UNIT 5

EQUIPMENT REPAIR

STUDY UNIT OBJECTIVES: UPON SUCCESSFUL COMPLETION OF THIS 'STUDY UNIT YOU WILL
IDENTIFY THE TOOLS AND PROCEDURES. FOR REPAIRING FRAMES AND BODY METALS.

General

All of the materials used in the manufacture of engineer /ordnance equipment as well
as the assembled equipment, are thoroughly tested before beidg issued for fieTd use.
Therefor'e, most of the damage-and failures of this equipment will be due'to accidents,

.

overlOading, or unusal shocks which the equipment was not designed to withstand. It is the
cleSi of repair work that you,. the Metalwprker ond'welder, will- ber doing most frequently.
Before repairing any damaged equipment, it must be determined whether or not the materials can
be satisfactorily welded or must be repaired in some other way. Thi$ can be.deolded by giving
consideration to the determinations listed below:

Determine the nature and extent of the damage and the. amountorAraightenifig and.
flittingof the metal that will be required.

A*
Determine the possibility of restoring-thepart to usable condition without the use of
heat.

'

4140

Determine the type of metal used in the damage poet and, if it was heat- treateJ, what.
method was used to do so. v

Determide if the welding heat will distort the shape or in' any manner impatr4fite
physJcarproperties of the part to be repaired.

4

Determine what method and materials will be required to make the repair

Work Unit 5-1. METALWORKING TOOLS.

of tool
punches
are

For

p

LIST THE FOUR HANDTOOLS USED IN EQUIPMENT REPAIRS.

pairing sheet-metal sections, you can generally get by with the minibum number
me of these tools were discpsSed in Study Unit 4. :They conitsted of stakes,

ars, and hammers. The ones that we are mainly interested ihn.hereare these that,'
to restore automotive sheet metal Yuch as doors, hoods,,fenders,?Yetc., tfictheir
shapes. These tools are the dolly blocks, hammers, body files, and disk grinders.

'

a. Hammers (fig§-1). The hammer that you will. be using are
tools for restOting sheet metal to its original shape. There are many different types and
each is designed for a particdlar operation.

by far the most important

(1) Pick hammer (fig 5-1)1). The pick hammer is tapered to .a point on one end and has ,

a curve to the pick so that, when lt is used with the proper wrist action, the .s%

point of the pick will strike the point at which you aim.. It is used to raise
surfaat wh4ch are badly', dented. In most instances; this h r will be used from.
the underside of the damaged area. ,

.

(2) pumping hammer (fig 5-16). This -hammer is the one that you will probably gse
mist. The4re'd1fferent variations of this hammers some have short pads (fig
5-1C),and,same have the round head serrated (not illustrated) You wV1-notiod
that one end of the'hammer has -a square head and the other a round head. The r "-
short shank 'versionish-ank version is used where working space is restricted. The
serrated version is used where roughing out.of badly dented sections is . ,

necessary. These hammers are used mostly for roughing out damaged sheet metal.
v,

(3) Short pick hammer (fig 5-1D). This is nothing more than a 'hailer variation of
the ,long shank pick hammer and is of course used where= spare is restricted. There,,

are other more sophisticated body hammers, but with these four and a rubber and, -0,--

woodeninallet you should be.able to accomplish most of the work necessary to
repair a damaged section of sheet metal. ,

,

O
5-1
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Fig 5-1. Body hammers.

b. Metal dollies (fig 5,2). Dolly blocks are used in conjunction with bumping body
hammers to straighted outdamaged sheet metal. Dolly blocks or hand anvils are available in
several types: kW, low crown, toe, general - purpose, heavy-duty, and utility. Each type is

used.for supporting damaged sheet metal during straightening operations.

(1) Low crown. The low crown dolly is use in areas such as door or hood pa(iels where
a medium or high crown dolly would st etch, the metal.

(2) To doll . The toe-dolly (shrinking dolly iS used on ffat panels. Its thinness

and Ten§ h give it access to narrow pockets. The large flat face is convenient

when shriffing metal. The flat silts are used as a% anvil for repairing flanges

on metal.

(3) General-purpose. This is a convenient dolly to hold and has severNdifferent
working faces aid two beading and flanging lips. It is the most useful of the

dollies since It has unlimited applications. I'

(4) Utilit y. THIs dolly has a high crown with 'one narrow beading edge. The'thick

rounded sides ake used in short-radius curves. The high crown is used where there
is a high crown area such as a fender`:.

W

( Heavy duty. This is used where the extra heavier gage gf metal resists the action

of the lighter dollies.

6)` Heel dolly. The heel dolty41s used to reVeinto sharp corners and into an \area

having' a large radius.

Fig 5-2. Metal'dollies.-

sc-



c. Bo file (fig 5-3). 'A body file Is used to smooth out the metal after the hammering
operation 1s finished. It is also used to cut lead and body fillers. Using light strokes on
the file will show,up the ,high and low spots on sheet metal o that addiaonal raising or
shrinking can be done. The body -file consists of a file holdpier that work on the same
principle as the hacksaw frame and a.metal file blade which has rows of single-cut, curved,
milled parallel edges. When coupled to the file holder, the blade can be made to assume the
shape and contour of the sheet-metal being worked on by use of the adjusting screw. As the
teeth of the file blade are parallel an are sharpened so that they can cut in one direction
only, repeated dragging back on the file while under pressure only serves to dull the,..ortting
edges of the teeth. Using light forrlard strokes and raising the file from Contact with the
sheet metal at the end of each stroke will keep the teeth sharp and extend the life of the
file blade.

)d. Sanding machineLvd rasive disks.

(1) (lists sander. The (tisit sander normally used for sheet-metal work is the electric
poftable, 115-volt, Tfeavy-duty disk sander Aich is a component of the'shop
e&Uipipent repair set. ft has a right -angle drive arbor and a 7-in. diameter
abrasive disk. It is used to remove paint and rust, to grind out high spots, and
to restore the original shape of the sheet metal after it has keen either welded
or filled with -body lead or body fillers. When using the sander you should always
wear goggles to protect your eyes from flying particles of metal, abrasives, and I

dust that are always preser)t.

(2) Abrasive disks. Sanding disks come two classeg,_the open coat and the closed
coat. The difference is the manner in which the abrasive particles are applied to
the backing material. In the open coat disk, the abrasive is applied so' that

the particles and the backing erial that are not
ereas on the closed coat the bae g material is so

rasive material that there are n spaces between particles.
ther paper, cloth, or' a combination of both. The

t, garnet, aluminum oxide, emery, or silicon
ld the abrasive to the backing paper depends on

e used. If the sandpaper is to be used with water
e is glued to the backing material with a resin

ses, an animal glue is used. -/The particles are

Fig 5-3. Body file anct blade.

there are spaces betwe
completely covered,
saturated with the
The backing,meeriab..used is e
abrasive mater al is usually f
carbide. The material ,:use to
the purpose for which it i
or for wet sanding, the
glue. For dry sanding p
designed by grit size uch as 400, 300, 200, olb 210, 310. The higher the number,
the finer the grit; the 1,ower the number, the coarser the grit.

EXERCISE: Answer the following quest ns and compare your responses with thosei listed at the
end of this study unit.

1. Before making a ,w01 ding repair to au equipment, you should
;",

."-riac.,,j heat-treat the part. ° c, identify the type of materil.r
. anneal the weld area. .d. nOrmal4ze the metal. .

2. To-raise the surface of a baffled ted door panel, you would u'se a

a. rubber mallet. ' humping body hammer.
b. pick hammer. low crown dolly.

?

5-3
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3. The dolly which has unlimited applications is the

a. utility. , c. hoer:
b. low crown. d. general purpose.

4. List the four types of hand tools used in repairing body damage.

I a.
b.

C.
d.

1601.0".

VI AUTOMOTIVE EQUIPMENT

a. Welding automotive equipment.

(1) General. Marine Corps automotive equipment, 'such as tanks, trucks, tractors, and
other vehicles, is constructqd from a large nueber of metals that are processed
under various heat - treatments. The metals used include copper alloys, carbon and
alloy steels, titanium, aluminum, .magnesium, lead, etc. The principle Joining
processes that may be used are gas and electric-arc welding, brazing and
soldering. The use of welding equipment and the application of welding, proces; to
different metals hive been covered previously ,.and a thorough working knowledge of
these processes is a necessity before a welding procedure for any given Job can he
selected. When it has been decided by competent personnel that the repair Can.be
made by welding, the factors listed below should be considered:

. 4

The proper size And type of electrode, together with the current settings sand-
polarity, must be determined if an arc-welding process is used. -If ra gas-
wel process is used, the proper type of weldlogrod, the correct gas
pr ssure, tip size, flux, and flame adjustment must be determined.

n preparing edges Of plates or parts to be welded, the proper cleaning of the
arts- to be Joined should be considered. The need for backup strips,,quench

`elates, tack welding, and preheating must be determined.

Reducing warping and internal stresses requires the use of proper sequence for
welding, control and proper distribution of the welding heat, spacing of the
parts to permit some movement, control of the size and location of the
deposited weld metal beads, and proper cooling procedures;

(?) Weldin' cast I on, cast steel carbon steel, and for in . In general, parts
compose' ese me s can e reps re' 'y a e same procedure as that us#i for
their ass ly, or by brazing. For instance, cast iron and cast steel may be
repaired r gas welding, arc welding, or by Msazing. Parts or sections made of
carbon st 1 originally assembled in the factory by spot, projection, or flash
welding, ma be repaired by gas or arc welding or by brazing. This is also true
of forgings

(3) Heat-trea d i.rts. Certain parts of automotive equipment are heat-treated during
e r u ac ure to enable them to withstand the service for which they are

inten d. Welding of these parts should not be attempted unless the repair shop

specially heat-treated parts may be re d by using
is equipped with suitable heat-trey tinggipment. In some cages, alloy steels or

`stainless steel filler
metal. When this is done, a heat-affected zone that is weaker than the original
heat-treated part will remain in the vicinity of,the welded. Joint. Where it is
possible to heat-treat parts after welding, they should he first annealed. Filler
metal of the same composition of the base metal should he used and
the parts should be heat-treated after ding.

(4) Welding truck components.

(a) Frames. The truck , most frequently repaired by weldingis the frame.
Truckruck frames are 1.4'; ly made of heat-treated alloyesteel and are subjectedto
high bending, i n or twisting, and impact loads. A commonly used method'` -'
for repairing,and strengthening a'broken or 'weakened Warne is with reinforcing
plates as shown 'in figure 5-4. The type of reinforcement selected depengi on
the location of the repair and possible interference with other elements ot.
the truck. It should be noted that the ends of the reinforCing plates are notNwelded, because we 1 across e ends of the plates will produce heat-affected
areas of decreased length crass the pack, and1egs of 0 channel. All
interfering welds and othe profrusionV should be group h before

5-4
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r
reinforcing plates are applied. These reinforcing plates ;hould be
eppnoximately thesame thickness as the frame element and the width should be
sufficient to bring the weld flush with the top and bottom sections of the
channel. The procedure outlined for reinforcing channelsishould he followed
when reinforcing plates are added to angles,'trees, box sections, or 1-beams.
The arc-welding method is used to weld truck frames.

MAK IN TRUCK FRAM!
WADED WORE KIN.

roicemen Is APPLIED

DO NOT WILD

..111111111.

iterwoicemen
ro Deg °inset

Of THE WES Of CHANNEL

ittiroarcahar4. v TO
THE Met OF THE
WEI Of CHANNEL

AINELlir.iMEE
ltniihinni.0)...! OW

I11.

REINFORCEMENT
,ACROSS THE LEGS Of THE

CHANNEL FORMING A
SOX-SIAM

Retwoorcemart AT
THE ROTTOM**

OF TM CHANNEL

les
REINFORCEMENT
CHANNEL AT THE N
INSIDE OF

FRAME CHANNSI

A

Fig 5-4. Reinforcing truck frames.

1%.

(1) Front axles. The front axles of standard automo ve equipment are madtof heat-
treated alloy drop forgings. Repairs by welding ould not be make on these axles()
except in an extreme emergency and then only as a temporary measure. '

(c) Rear axle housings. These are of welded pressed steel construction ofireatt -%

strength ana simplicity of design, The pressed steel and cast -steel housing
can'be satisfactorily welded by the arc method. Some of the older types of
axle housings are made from malleable ironic housings of this type can be

0 repaired by brazing. Castings should'be kept clean and cool to prevent any
effect on the heat-treatment or annealing in the vicinity of the weld.

(d) Drive shafts. Drive shafts are usually made out of mediuM-carbon seamless
tubing and are readily welded by either the electric-arc or gas-welding method.

(ej'Radiators. Riadiators can be repaired 'with an oxyacetylene torch with a proper'
tip, common 50-50 solder, and a flux. The flame should be adjusted to give a
highly carburizing mixture. The area' around the leaks in the copper tubes
should be thoroughly cleaned, preferably with a 5% solution of hydrochloric
acid, and tinned before the jbidilVis made in order to assure a tight joint.'
Where a leek present at joints between copper and cast iroh, the surface'
should be pice4ed before the re0air is made. This is done by applying a 5%
hyAchloric acid solution to the iron at, the joint and heating until the iron
is' thoroughly cleaned. This trtment removes surface oxides, scale, and
other impurities end makes thelron capable of being tinned as readily as the
-copper.

-
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b. Tractor repairs. Except for the frames and suspengions, the construction- of theA T

'tractors Is about the same as for commercial trucks. The metal used for crankcase Niousiog`t,

transmission, dIff&entials, main frames, and track frames can be repaired by tile electric:arc

'or the gas - welding method. The rollers and idlers can be built up with hard-surface alloys to

extend their life usage. The cutting edges on the blades can also be hard-surfaced to prolon

the life of cutting edges. - .

c. Welding artillery equipment. When welding artillery equipment, the low- and medium-
carbon steels can be satisfactorily welded with mild steel electrOdes or welding rods and,
where it is necessary, severely damaged sections can be strengthened\with suitable reinforcing

plates. Trails that have been bent out 'of shape and cracked should first be straightened by

the careful-application of heat. The cracks should be welded and ground flush before - ,

reinforcing plates are applied. The reinforcing plates should be thick enough to provide the

necessary strength without making the struCture too stiff. Only the seams running along the

length of the trail should be welded on all reinforcing plates; the ends of the plates are

left unwelded. Welding the ends would simply transfer to the welded ends of the reinforcing
plates the conditions existing in the welded joint before the-reinforcing was added. This

would result in weakness at this section and would defeat the purpose of.the reinforcing

plate. Trails constructed of structural nickel alloy steels are designed for lightness and

are specially treated for maximum strength. Welding steels of ,this nature presents pumore

difficult problem. The top carriages or cradles should not Intwelded. Other structpal

members can be welded when approyed by the proper authoritiegr Field repairs can belnade by

proper preheating; welding with a nickel alloy, 25-20 stainless steels, or modified 18-8

stainless-steel electrodes;°and finally, by slow cooling and uniform stress-relieving
heat- treatmejt where possible. For,many applications, welds can be made with these staitiless

steel elect odes without preheating.

d. Tank repairs. Armor plate is used for the protection of personnel and equipment in
tank$, self-propelled guns, and other combat vehicles. Industr51 manufacture of gun turrets

and combat tank hulls includes designs using-1-piece castings and welded assemblies of cast
sections and rolled plates which are selectively heat-trentp to develop desired properties.
In certain cases; cast sections using the 1-piece design are bolted in place to facilitate the

requirements of maintenance through unit replacement:. Armor.plate'is.an air-hardened alloy

steel, which means that it will harden by normalizing or heating to is upper critical point

and cooling in still air. The extremely high temperatures that occur the area of the

welded joint will cause a narrow-zone on each side of the weld deposit to form ahard and,

brittle zone. it is in this zone that cracks are more likely to appear as a result of the

sudden application of loads. For this reason, special precautions must be taken in the
welding operations to minimize the formation4bf these hard zones and to limit their effect. on

the structural properties of the welded armor.'. In order to prevent th& formation of cracks in

these hard zones, care must be taken to prevent rapid cooling after welding. The two types of

armor.plate used in combat vehicles are face-hardened (rolled) and homogeneous (cast-or

rolled). It is necessary, before any weldinp operations are performed, that the'armor be
specifically identified, as there are different welding procedures for the two different types

of metals. Homogeneous.. -armor is heat-treated throughout its entire thickness to develop good

&shock or impact resistance. It is uniform in hardness,. composition, and structure and can be -

welded from either side. Face-hardened armor plate, as its name implies-, has an extremely
hard surface layer obtained by carburiziog, which extends to a` depth of 1/5 to 1/4 of the

outward faCing.thickness of tDe plate. -The primary purpose of.this'is to provide gooq,

resistance to penetration* The inner side is comparatively soft and has properties similar to

those of homogeneous steel. Face-hardened steel up to thicknesses of 1/2 in. should be welded

frqm the soft side on . The test'for identifying the type of armor is simple but accurate.

s erA'file will bite into b th the homogeneous steel, whereas it Mill bite only into the

soft side of,the face-har ened teel. When applied to the hardened side, the file will slip '

and notibite into the metal. .The most satisfactory method for repair of hoilkgeneous and face-

hardened steel-is electric-Arc welding-with stainless- eel electrodes. The coacetylene
process requires heating of a large section of the bas tai on either side iX.41 df the prepared

joint in order to maintain a welding puddle of sufficient size at-the joint. This heating

destroys the heat-treatment imparted to the armor, plate thqs causing large areas to become

structurally weak. In'addition,ithis procedure is slow and produces considerable warpage in

the welded sections. Electrode containing 18% chromium and 8% nickel in the core wire and .

small percentages of either manganese or rnoljbdenum, or both; added-iwthe-electroge coating,

prodUce good results. These electrodes are recommended.i4r welding all types of armor plate

,
bythe_electric-arc process without preheating or postheating the structure to be welded. _

Theyliould be all-welding position type Theselelectrodes are kneirm.as manganese modified

18-8 Stiirl

:.

qess-steel electrodes.- The 'recommended welding current-satingt:shown below are fOrt

the d&ect-Curreht, reverse-polarity, a11-position ,pheavy-coated modified 18-8'staingSs-gtep1

electrodes. 'The exact current settings mill be governed by the joint designaiid posit-;-

welding. ,
i

c
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EXERCI SE:

Electrodecliorin in1 Current range (amps)

90 to 100
110 to 130
150 to _180

,,
compare )(bur resi)onsesAnswer the following questions and listed at

the end of this study unit. ,

9

The repairs that can be made in the field without heat-treating bilTxyacetylene is

against those

a. cracked transmission housing..
b. broken diesel engine'connecting rod.
c. broken truck trransmiss ion' gear .

d. broken" leaf,spring.

2. In the diagram befow; the reinforcement plate should be welded at
WELDED AO fROA.

,a. 1 and 2.
b. 2 and 4,
c. 3 and 4.
d. 1, 2,-3, and 4.

3. The method you should use to

a. °solder ing c. fusion welding.
b. brozin-g. d. arc-welding.

4. The method, if ar4f, to weld the cradle of on artillery piece

a. soldering.
b. electric arc.

repair a radiatOr core is

c. brazing.,.
d. none recommended.

5. The primaq purpose of fete-hardened armor" is to

a. resist corrosion. c. make welding easier.
b. provide 'stronger construction. d. provide resistance to penetration.

is

4

Work Unit 5-3. REPAIR rNG BODY 'DAMAGE .

LIST"THE FOUR PROCEDURES 'FDR'ftEPAIRING BODY DAMAGE,:

.., Body repairs include straightening of body panels, replacing body parts, and
repainting. Since the Marine ,Corps areas of ,operations are-usually .located wherg severe 1

climate conditions exist, such as .near salt water or in sandy, hot areas, vehicbs arty subject
to intense deterioration. For example, salt water will'rapy rust body panes. Much of our
equipment sooner or laler will find its way, aboard' ships- for rseas deployment- and, as a
result of this salt-wa
cause of body dimage is
is the n cesSary tools
may be m ,e economical
decide wh this is the case,. some iSf.the,follOwing .questions 'should be answered

0,'

0
or corrosion and shipping .damages are also'prevalent. Another, great ,

-of course, accidents. that' is required. to repair a damaged part ,

d the required ,skills. In cases where severe, body damage exists, it
d.expedient toireplace thepar't rather than repair tit. ViTo help you

Urgency of the job!- Will it take longer'tp repair a,-badly- damage'd sectIon., than it
will 'to'replice it?

4

What iig the ayallabiliti cif repair. parts?

What is the availabil,ity of the men arl quipment to do the repair job?

The speed and ease with which,repairs are4made to damaged areas depends on.starting the job
correctly.' When a collisiOn occurs, 'there will always be a major depression in the panel
follAed by a buck ltd area and then by a-series of ridges'. The correct procedure ,to repair
this ilamage Is to reverse tale order in which the damage Occurred, To help you uhderstand this

. procedure, refer to fi§ure 5-5 and.the fpilowing- discussion. Assume that the original form of

5-7
la

4-



the panel in the str ion is the solid line designated 1. The depression formed as a
result of a col iOn is broken line 2. This is where the panel was struck, and ,the ridge
formed 3-. To r urn this p el to its original shape and contour, the work, or course, must
be revers t is, the r ge (3) must *e where the work starts. By hammering at the area
indicatea ridge will be forced 'dotal and*ydu will find as it is removed, the major
depression (2) will also ,spring back close, to its' prieginal contour. The remylning dents can
be rertoved with a, dolly block a d hammer. Sgle&t a dolly block with the sank general shape or
cuitature as. the panel. Hold t block under, the panel and strike the high points of the
dents with the haihiner. Always us light ha r blows, as heavier blows tend to stretch .the
metal. Con tinue'to, do th until en appear to be gone. Use a body file across the
surface and take light cu S. These wi shot) you the high and low spots. The spots that take
the heayiest cuts still' -need more dolly inci, hammer work. The light high spots that,oruit be
removed with do,11,y and hammer can usOallybe removed with the disk sander.

Fig Removing dent from *Imaged panel.

v .
a. Buinp.inq and dinyna. Bumping it the restoration of damaged areas without .regard to

the finished painted surfaces. Dinging, on the other hand, -is removal of dents without -
damaging the finish so as not to have to re i A-the/surface. Dinging is a highly skilled,
craft requiring years of experience_ta ,

o without marring the finish of a panel
ere dent will hate' to beAremoved without .iiFor our purpose rarely will there be `',., .

repa4nting theAamaged area, the terms kt ud here will be synonymous. To use the doily
blbcks with a bumping' ha e block is held against, one side of the panel. (usually thi
enderside) with ode hand, he other hand)is Usell.to strike the opposite 'de with the . i
hanyner. As the blow is st uck,-the dolly rebounds slightly from the panel; but returns
imtnediately because of .the p essure exerted by your hand: As the dolly rettirns, it' is plated
in position for the next- bleP of the hammeri. -- si4

111"

- 42.
. - .

4 .
.

( 1 ) DinjinT on the dolly (fig 5c6):Ar Dinging on
the dolly means` a glancing or sla.pp'in -g blow
of the body hamnler on top)of sheet metal,

'with the dolly block held diVsectlyr below. the
l : hammer Blow. The result of thiS it ocess is

. ' that the meta) is iroped smooth between .the - --' f

%

workinvfaces of the blockandhamoler." each
.blow dings an area dr,-spot'about 3/Q in. in

, . diameter... SuCceeding blows. should be struck
so that one spot overlaps the prerious,1
spot. Ding asrot7 of spots ,,aiross the

/ . ! damaged area next ding anothr row adjacent
N.

..

. -tb the first row, and sp on, until the
damaged 'area' is covered with 'parallel rows
of spots. This stretches the metal very
slightly. Th4 low crocfrr hammer face
striking agattisit the, dolly, which closely
MS thecontours Of the panel, minimizes.

it

the stretching...

IIPF t2) Djngini off the dolly.. The high fro face.
theIddy.hammer fs, used an the Blows 'are

directed agaJnit the rat i of the depi. The
dolly block is held. against the bottom of.to the dent and pressure is eierted to fot
the" dent out as illustrat in tigtire

41

to-

ig5-6:. Dinging on'the

..,,

Flip 5-7.. Dinging Of thee d'olly,
k t

5ret

I. 179
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(3) 13in th bo. harmer (fig 540: The harmier
ow

tis
n m ng is not'a follow through

blow s h used Mien driving nails. The
hanre must be held loosely and swung with a

n. wrist action, producing a slapping blow'.
Figure 5-8 shows the path' through which the
huller travels. The average number of blows
per minute is 120-1n a regular rhythm.' As
each succeeding blow is struck, the harmer

* rebbunds as shpwn. It 4s then lifted by
wrist action to a pdint high enough to start'
the next blow. Then, by a snap of the
wrist, the ,haniner, descends for the next
blot/. At no time is the hammer gripped.
firmly. The fingers are used to guide and
control the hamer oft the beginning and at,
the end of the blow. During the downward
and upward path, of tbe ha ) r head, the eod

tithe handle move re a short arc And
hand by 'continued swr t action follows

(along loosely holding t handle and ready
to grasp it more, firmly at the end of the
rebound. This operation requires skill, but
can bh acquired with a' little practice.

IR

Fig 5-8. Using a humping body
hammer.

b. Shrinking sheet metal (fig 5-9). When a panel has been damaged
I
so that it is

peRnanently stretched, it will after it is restored to shape; be too-high in the stretched
area. 4 It cannot be dinged down since there is no place for the metal to go. it nIust.be
shrunk. Shrinking should always be, done following the metal humping -and before the metal is
finished. Basically, the shrinking operation is simply done by heating a small spot in the
center of the 'stretched area and-then upsetting the stretched metal into, this heated spot,
making it thicker. Shrink a stretched area in sheet metal by using a Stfitable torch with a
small tip. Heat a spot 348-1n. in diale.lr to a little past cherry red in-the center of the
stretched area (fig 5-:9r. :The heat expands the metal in the entire stretched area while the
spot itself rises into a low peak. Use caj to avoid burningsa hole in the metal .,,,After the
spot turnsItcherry red, remove the torch and strike the spot with a hard blow from-the bumping
body hammer tp drive the spot down. The hammer hlow upsets the hot metal and is the
mechanical iction which shrinks, the metal. The-Spot will now form a crater instead 'of a
peak. ,-Very quickly, holda dolly block up against the bottom of the crater.' At the same
time, tap down the rim of the crater with the -body hammer. This is 'simply a ';dinging offithe,
dolly" operation to smooth the spOt to the 'Prtper level beforermetal finishing.. The-expansion
in the metal durieg.this operation. When-din'ging the upset metal-smooth,

finishing..,
a 'Tpw crown

dolly-bloek under lott.crdwn metal , and a high crown ,dolly block Under`high crown' metal.
F4nally, With 'a wet, water - soaked, sponge, chill or quench the area about-6 inches- in diameter
around the spot.*, This chill itig-draws the ,expansion out sif 'the metal- very quickly, Continue .
to Shrink additional spots until the Contour Of the panel is: in .proper shape, as determined by

,feeling with the hand or examining by sight.

.1

'4

e

0

C

'
Fig 5 -9. Shrinking -,sheet metal.
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c, Applyin9 hod. fillers. When body panels have rusted through or have been deVed" in
such a manner that itfs extremely difficult to remove these dents, the damage can be repaired
by cutting out the damaged /wen fin the cafe of' rustj and welding in a new section of sheet
metal, or by using one of the many commercial methods that have been developed over the
years. The two mpthodsvire will discuss are the lead solder method, which is probably the
of dest method used to -repair damaged bodies, andtWe 'filler. The sol der method
,i.wvery effective when properly used and applied. Thb plastic -body filler, 1th4 nest method
and the one used...most by bodyme'n today, is the easier of the two to appty even bf the
inexperienced man, and Vs. a. very satisfactory job proed that the manufacturer's
instructions are followed. Whichever method is used, thewirface of thIPTheet metal must
first he prepared and cleaned of all foretgn materials anirthe paint must he removed down to
the -metal surface itself.

J

(1) Lead. This is the most difficult to apply and takes considerable skill. Lead -'"

TOTBer'is used extensively for filling small dents and smoothing rough surfaces
which are difficult to straighten. The only prerequisite for, sol dering is to he

,- certain that the damaged area is thoroughly cleaned so that the tinning of the
surface can he accbmplished. Tinning is necessary to prepare the surface so that
when the sober -is applied it will .stay. _

-1st step: Cleaning. To' remove all paints and surface oxides from the damaged
area, use an open-coat 16[1 aluminum oxigle sanding disk. Sand the area until the
metal is "clean 'and shiningly: '\

v

2nd 'step: Preheating. After, you have prepared the surface .to, eive the solder,
icran oxyacetylene 'torch to preheat 'the surface by playing it back_ and forth over
the damaged area. Use an acic -core solder (this is easier as the flux is
contained in 'the cstiqtercf. the, sol der) and 'h&it the surface Until the sol der
'mel 4 when it conies in con Via With th'e surface,. Apply the sol der to, .the surface 5'

with a rag and smear it chip- the surface of the' damaged area. - Irvi,
P' 4..6. a

1 , .
Note concernin building iw of damaged' area (the 3rd step). Nbw you are ready
for the thirdostep.,%erch..is o apply s.older and build-up the dama.ged area
slightly highdr than ,the original contour of the panel.. To fill .this arm
you can continue' to use the roll 'solder or Aar solder) The roll solder 4cTines
in different sizes and is obtained by the-pourfid. The bar or "Stick". solder is '
obtained by the stick and is identified by numbers.which indicate the amount,
of tin and lead; forexample', 30/79 indicates sdlikler containing 30% tin and I
70% lead. The first.number is *aways the percentage. of in..' ,

3rd step t- if using bar' soltg. When using bar lder to fill in th,e' area Of
damige, Afterter you have properly tinneil the sur ., ou keep the St\face hot
playing the torch over. it. Heat the Bar of solder w, the torch until abou;1/4
to 1. inch of it starts t_ o melt and droop, then press this' on the damaged area.
Build the surface up in this manner until you obtain the desired height. Yoil will
want the solder-to be slightly higher than the origin41 contour of the sheet metal

.°on which yob are working.

3rd step, if using, roll solder. When building up with the roll 'sol de?, you keep
.the sheet metal ,lust flat enougli to keep the tinning -con soft, but not hot enough,.
that the tinning coat will melt and run. °Iiprly the torch-to the solder until it
begins_ to melt and droop, 'then quickly press ftOn. the metal], surface. Build the
surface in ,this manner untit the desired height is reach.ed.1,

4th step: Paddlin:9.. When you- have applied enough sol derf using. either the War or'
roll method of step 3, go ao the next step mid smooth put the solder: aneesfablish
a contour Cenfohning to that which you are working on. -rThis is done by "paddling."
The Surface, which is now revered with solder*. is kept at a temperature that is .

just b.elow the working stage of the solder by using the torch. The,area which'you
eio are no going to work on is heated. to bring the solder up to a. workable stage

With a solder pa dcl) e , you smooth the solder and shape it to the desired contour.
'You keep the torch on the spot that you are working on only long enough to heat
the sol der to a working stage, then 'remove it. If the solder is allowed to melt., 12:i' '4
and run, the whole rebuilding.operalNawill hive to h.e started over. The pkddle°
surface should be kept lightly coatM with 'oil to prevent the solder from stIck.ing

O

ti

- to ft.

'5th step: Allow to cool. After you have smotithed the area ,and obtained the).
contour, you allow the sdl der to -cool.

v
I
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6th step: Finish with a body file. After the'solder is cold, the next step is to
'finial the folder area with a body file. 001 not use a disk sander for this
operation. Finish the an ea by working theotside edges first and then working
the center until the correct contour is obtained.

(2) Plastic body putties. One of the newest and easiesZ)methods of patching and .

filling dents is using plastic body putties. These are puttylike substances that
when mixed with a catalyst, which is furnished with the putt*, set up a chemical
action and convert the putty into a harc plastic finish which can be filed,
sanded, and even drilled. When sanding with a disk sander, you should wear a
respirator as the fine particles that emanate from the plastic are harmful to the
JUngs. Since 1,14 takes only a few minutes for the putty to dry, you should mix
onlythatamoda which, can be used before it hardens. Most putties show a color

, change when mixed with the 4ardener and this chanmwill show #19U whether or not
the putty is mixed thOroughTy. Mixing is best Mere on a smooth surface, such as a
sheet of glass or a piece of metal. After the putty is hiked, it is applied with
a putty knife or a piece of hard rubber using a "squeegee'action, by wiping the
putty over the area to be repaired. If the dent to be filled is deep, the.putty 1

should be applied in thin 'ayers to allow each layer to dry sufficiently. If

hole-s are encountered in the metal, they can be filleg, by backing up the putt,
with a pilce of,

teen e a serves as a base for adhesion. The build7up area
ordi y s een wire. This allows the putty to penetrate the

holes in the sa
shoulti be filled slip tly hi her than the original contour to allow for filing And
sanding. Tf, after fi4.44ig and sanding, small pits are still present, a "glazing
putty" can be used to fill these small pits (this is also done when filling with
solder). It is wiped on with a putty knife or rubber squeegee. To allow -for .

anding, this should also be applied to.a slightly highethan original contour.
a

d. F nished-sole preparation. After all body work is completed and all,rebuilt areas
are smooth, the:next tep is- to prepare the surface for pointibg. In cases wher4 bodywork
has bgen perf9rmed, these surfacAs will have to be painted with a primer-surfacer. This is
applied with a sprtay paint gun, and several coats are used to build up the area so that when
ites sanded, no bare metal, will be showing. To prepare the surface for paint, go over it '

,

4 with a No. 320 grit waterproof paper, and wet-sand the surface. Keep the paper wet by plAying
Alittler hose over the area being sanded. This will not only keep the paint from building up

1 On e sandpaper, but will also prolondtthe life of the paper. If only spot repair is to be
painted, the old paint must be sanded and featheredged. To featheredgera spot job, use a No.
240 grit waterproof paper on a ubber block, Sand the area until it iksmooth and the edges
of the odd pain are feathere ged. Thi is accompanied when yo seethe different layers
of primer andolnint in a step formation.% After the surface has een sanded and' is smooth, it
has to be cleaned of.all sanding res/due: Wipe the surface cle , using a -clean cloth and an-

- dir gun to remove all traces of -dirt and dust from crevices, etc. Wax particles must be .

ilEmoved byiNiping he surface with a clean Eavith dipped in a sOe ial solvent detigned for waxI removal. After wing the surface, avvid to Ching if with your hands. Apply several coats of,
surface primer,a d alloy to dry. Wheel dry, this will have to beet- sanded and

4

cleaned.

, EXERCISE: Ansler the following questions and check your responses against those listed at
thePend of this study unit.

I. The'first step in repairing the damaged metal illustrated below is to apply,
pressure

.

a, at point 'B' by hammering at point "
b. by hammering at point 'C'. c"-

c. bY hammering at point 'A'.
d, at point 'B''While hammering at point 'A'.

2. The second step in repairing the damaged metal iljustrated in questionlilis

a. dinging,-using_light hammer blows.
b. dinging, using heavy hammer blows.

'

,
A P C. to apply, pressure at point''W.

A. dinging, with bouWer and ally block.
r

A
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The best method to use in removing the dent illUstrated is

a. dinging off the
b. dinging on the dolly,
c.' dinging'with only hammer.
d. dinging from the underside wiTh a bumping hammer.

4.- When shrinking sheet metal _using an oxyacetylene torch, you should heat a spot of
approximately inch(s) -in diameter in the center of the stretched area.

, -
a. 1/4 '
b. 3/8

1

. 6

5. A small dent which is difficult to Ohfghte6 should be filled with
s

a. lead solder.
b. fiberglass.

6. If a bar of sol

c. plexiglas.
d. liquid metal.

has the numbers 40/60-on A:t, you would know that it is made IA,

a. 40% lead and .1% zinc.
b. 40% solder,and400% lead.
c. '40% folder and,60%.tin.
d. 40% tin and 60V lead.

7. After you have featheredged a surface, it should be

a. sandblasted and coated with fubr t.

.b. oiled. N

C. 'cleaned using a clean cloth and an airgun.
d. primed.

8. List the four procedures (steps) for repairing body damage.

a.

i b.

c.

SUMMARY REVIEW

1

In this
)

study unit you learned to identify the tool's and procedures for repairing
framel and body metals. le ; '' . .

.

1,.0 .:
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Ans.16rs to Study Unit #5 ExerciSes

WirrInt 5-11

14,

. 1. c.
2. b.

3. d.

4. a.

b.

c.

d.

Hammers .

Metal dollies,
Body file
Sanding Machirie:

1.

2.

_a.

h:
fr-

3. a.

4.. d.

5. d.

Work Unit 5-3

.40

-

04-

5.10..
6. d.

7. c.

8. a. Bumping and dinging
Shrinking sheet metal

c. Applying body fillers
d. Fivished-surface preparation
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Aer4 '4 STUDY UNIT 6

WELDING SYMBOLS

1
STUDY UNIT OBJECTIVE: UPONANCCES UL COMPLETION OF THIS STUDY UNIT, YOU IIILL
IDENTIFY THE WELDING SYMBOLS STA), ARDIZED BY THE AMERICAN WELDING SOCIETY AND THE
DEPARTMENT OF DEFENSE.

Work Unit 6-1. 1.EMENTS OF A WELDING SYMBOL

IDENTIFY THE EIGHT, WELDING SYMBOLS.

Wel ding_ symbols are the means by which information is placed on draWings for the
guidafte of welders and constructiOn personnel . Special symbolds showing the kinds of welds to
be used have been standardized by the American Welding Society. and the Department of -Defense

-and apply tel all types of welding. The symbols are placed on horizontal lines (reference
lines) in open spaces on the drawing. The refererice line of the welding symbol (fig 6-1) is'
used to dtsignate the welding to he used; its location, dimensions, exient,- and
contour; and other ssupplententary.information. When necessary, a tail is attached to the
reference line and used to prol/ide specific' notations. Arrowhead-tipped lines indicate the
location of the welds. If the weld is to be on the arrow side of a joint, the symbol is,
placed on the lower side of the reference line; if-the weld is to he made opposite the arrow, .

the symbol is placed above the reference line. If the weld is to be made at the place of
installation, after the-structure has been built in the -shop, the field wel d symbol is placed
on the reference line. Welding symbols provide the means by which complete information is
placed on drawings. The guide in figure 6-1 shows the relative location of all symbols that. ,
may be used to dbscribe weld. Often only parts of the system are used, but even then the
information' is conveyed in standard language.

%IL

The Army and Navy standard for weldingisymbols makel a diftinction between the terms
weld symbol and welding symbol. The assemblOd wel din symbol coysts of eight elements or
any of WiTe elements as Is necessary. They are the reference li e, arrow, basic weld symbol,
dimensions and .other data, supplementary symbols; tail , and the specification, process, or
other reference. The location of the elebents of a welding symbol, with respect to each other
if shown in figure 6-1. The weld symbol is that figure that is used to indicate\the desired

%type of weld, as described in the following paragraph. /'
1

eoNvco, ,....u.,
......f INV4 st.AIKX . 3.

LIMY, Cr):r4t.c. C.g I' ir: .,(11), / 1,1,1, liNori: I,: . ..,0,
,,,Diii-,TIRSINK1.013 PLUG WILDS

WI SIZI OR SristtiC.1111 \ A tittGito Di \' 1() 9
\. './ ,,,c.. (ctmllp 16 C.I.NOR SenCir,..0 Of WRDS

00.1 itpiSrANK-1 Wit0St.

NrriktrtCt %Ott \ 4. it, il: '' t.ttO wit.° ../1,150..

%"4:' g :1.,?11(;:i?(Cg I , 0 / ,i- a.- I. -4( ./ ARROW CONNII! "NG Ati(R,K,

:IL i r- I ilNif TO ARROW %RR DI JOINT
. to GAloml("AtrARER 9R ROM

TA, ?
.... Wu° All'',401,D SvAtRO. rifl;
(14),__ - -.,momk co v.°, O pe,,,,,o,, wan.*

,

DAS.E. wan SYMO V OR DI IA.t. ,11117rtar1

Fig 6-1. Standai'd location of elements., on a weliling.s.iMbol .

*
EXERCISE: Identify the syMbolst.1-4, with their.corrkt posftion in Ike diagram. Cheek your

responses with those 114-ted pt the end of this alit, unit.. -

.ti

3.

1. Reference ling
2. Arrow
3. Basic weld symbol
4. ,Dimensions

Cr,

IJ

j

4s.-\ biRS' e..
42,
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5. Supplementary symbols
6. Tail

7. Specification
8 Precess .4--

r

Work Unit 6,2. BASIC WELD SYMBOLS

e,

..

IDENTIFY THE WELDING SYMBOLS.

These weld symbols are used to indicate the welding process used in metal jotiping

operations, whether the weld is localized or all around, and to indicate the contour of the
welds (figs 6-2 through 6-4). Since no specific welli symbols have been devised or assigned
for brazing or fqrge, thermit, induction, and flow welding processes, ,the tail of the welding
symbol is used to designate which prOcess is to be used, together with specifications,-
procedures,. or other supplementary.information required in making the welds.

4lb

-"hip

4

sit

TYPE OF WELD

READ

.

FILLET
PLUG

OR
SLOT

GROOVE

SQUARE V BEVEL U J

I I \/ Vs

14,

Fig 6 -2. Basic arc- and gas -weld symbols.

Ar--
I* k,

- TYPE OF WELD
. .

it 1
4 FLAII,

SPOT . PROJECTION. SEAM OR
UPSET

. A

I

Fig 6-3. Basic resistance weld symbols. a

WELD
,ALL

AROUND
FIELD
WELD

CONTOUR
..

FLUSH CONVEX-.

o
' t,

-
%. "i

,./.7-..."\
..

. -
.

0

t-

0
1: ,oe

10
IN.

pg 6-4.,. Lipplementary symbols.
c

.

..f.. . 5.
,

a. Location of weld yinbals cn riding tzei6rence line.
.4'

'' ' I. .1

:lb ( 1 ) Arrow side of theJoiht (Vig 6-5): Weld, on the arrow side of the Jo t. art', i#
*indicated by the weld syMbol on ite side of the referenceence ,1 i ne .toward he reader.'

»4 - ,

.14

9.

,2 "'
.?

.11
4 4

F' 2

Fig 6r5't . Weld symbo. on h'esarroi;Side of the joint..".:..
.
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(2) Other side of'the joint (flg 6-6 . Wel on the other side of Nw.joint are

'Indicated by the weld symbolon e sire f the reference line away from the

reader.

Fig 6-6. Weld symbol on the other side of the joint.

4(3) Both sides ofthe-joint (fig 6m.7). Welds on both sides of.the jothikre indicated

by the weld symbols on both sides of the reference line. In all of these cases

concerning the referenCe line, the locatibn of the weld symbol on the reference

line denotes the position of the weld in reference to the 1ine asshown in figure

6 -7B. Also.shown in B is a combination of more than one type of weld used on that

particular joint.,

X 1"

A. Symbols on both sides.

SINGLE -
BEVEL

BEAD.
BEVEL 0100VE
AND FILE-

SINCLE FILLET ELD
AND FILLET SYMBOL

WELD SYMBOL

4

DESIRED
WELDS DESIRED

WELDS

B. Position of symbols on reference line.

Fig 6-7._ Weld on both sides of the joint and positidb of the weld.

b. Fillet welding symbols.

(1) Size of the fillet wel-d,(fig 6-8). The size of the fillet weld is shown at the

left of theifilTet weld symbol. If welds of the same size are on both sides of

the joint, the weld symbol is placed as shown iimp, but the weld size is shown on

one side only. If the fillet welds on opposite ides of the joiht differ in size,

the sizes and the sides oh which they are located are indicated shown #0 figure

6-8. When the leg lengths of a fillet weld are hol the same, th required

measurement Of the weld symbol is as shown in figure 6-88.
4

(2),Length and.s cin of fillet welds. The length of a fillet weld, we indicated
.

on the meld ng symbol, is, placed to the right of the weld'symbol as shown in

figure 6-8C. The.slimension of an intermittent weld is indicated by showing 01%

lehgth orthe weld to the righof the symbOl, followed by the distance between

centers of ttfe weld. A chin intermittent'weld is shown in figure 6-8C. The

first figure indicates the length of e weld and the second figure thdiCates the

spacing betWeen thg weld centers. Whe fillet welding extends the full distance

between abrUpt changes in the directio of the welding,'no length dimensions are

shown on the welding symtsol (A and B, fig 6-8).
#

,

,
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Fig 618E fillet welds symbols.
rs.

1

(3) Fillet weld contours (fig 6-9). Fillet welds that are to be welded approximately
flat-faced without any subsequent finishing operation are indicated by the
addition of the flush-contour symbol (fig 6-4) to the weld symbol (fig 6-9A)..,
Fillet welds that_are made flat -faced by mechanical means are shown by the
addition of the flush-contour symbol and the user's standard finish symbol to the
weld symbol (fig 6 -9B). Fillet welds that are to be finished to a convex contour
by mechanical means are indicated by the addition of both the convex-contour
symbol and the user's standard finish symbol to the weld symbol (fig 6-9C).

c. Groove welding symbols.

41) General dimmensions of groove welds
,

(fig 6-10). The size of a groove weld is-1
.

shown on the'same,sfile of the reference. line as the weld symbols (A, (3,1nd' C, Fig
6-10,...When.ho general note governing the dimepOens,of groove welds is used and

differ, 'are dime ned (F, 'fig 6,,,10). .When both-Welds heve dimensions

when both' welds fl ve the same dimensions, one -or both miy be,Oimensions, ohe'br
both jnay be' n . a 10 and E, fig 6--10). When the dftensions of the welds

'.'4
goyerned iy a note, 'neither is shown _on the,Symbol.

t'
..A.

,, - . . 4. ..
7 w

.

Fig 6-9. Contour symbols.

t

4
. .7 fr; . .. ip'.% ilk.," ./st

m.1/4 4.

t
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(2) Size of iroove welds. The size of a groove weld is the joint penetration (depth
of chamfering plus fhe root penetration) and is shown to the left of the weld

symbol (A. C, and F, fig 6-10). The size of the groove ids with no specified
root penet ation will be shown as indicated below.

(a) The'size o the single grOoiee and symmetrical double, grot welds which extend

completely hrough the. members being Joined need not be s wn on the welding

Symbol (A a d B, fig.6-I1).

irt

41,

c54

(b) The she of groove welds which extend only partly through the member or -

members being joined will be shown on the Welding symbol (C and 0, fig 6-11).

The size of groove welds with specified root penetration will be indicated by
showing both the depth of chamfering and the root penetration. The size. is

indicated on the left of tpe weld symbol by showing the depth of ch ering, a

plus mark, and then the root penetration, in that order (E and F, tig -11).

.

Fig.6-10. Groove welding symbols denoting weld size, 9roove size
and.size of root opening.

r

1sc7-71
DISIRID WILD

* .

1/2

D/SIRID WILD

4

A

C

SYMIIOL DESIN(1) WILD

I/2 I/2

I/8
oultro w(Lo

I

I/4 lig

SY41101. e7,

NOTE ALL DIMENSIONS SHOWN
ARE IN INCHTt

Distill° WILD
D

SYMIOL

0 i
.1/16 I /A

isa
I/4 3/

DIL1410 WILD

1.

SYMI*C4.

Fig 6-11. Size of groove Weld with and without specified root penetration.,

oVec dimensions.' The root opening 0 the groove weld shown inside theweld,

'---4N4I-N--TilIustrafed by the fraction 1/8 at A through E in figure 6-10. The groove

ngle gf groove weld is showrin degrees of angle placed above or below the.weld
symbollm(C, D; E, and F, fig 6-11). The weldiniksymbols showing the symbols for

the arrow side, other side, and both sides ofmcfoove.welds'Of the U-groo4e types
. .

are illustrated figure 6-12. Similar symbifls are utdolor bevel-, U-Nnd

J-grooves.

6-.51 89
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A- AllsOW.11,01 V.0010111 1101011 1110.001

SACT100
v.tw

11-0,1414101 v-0010V111411.000111 Swaps.

111

000g0 wILO
SICT/ON OR

C-0,04.61011 V000VI 00000 0.001.

o X

te

Fig 6-12. V-groove welding symbols showing locatipn of welds.

d. Bead welding symUols:

(1) Single-bead welding symbol'(fig 6-13). the gle -bead weld symbol is Uselito
indicate the bead type of,back or' backing wel 3 of .single-grooveveld,.and is
shown by placing a single-beaded symbol on the ide of-the referehee line opposite
the groove weld symbol (fily-643A). The dimmen ions of bead welds- used in back or
backing welds are not shown ol the welding symbol..

3
Dual-bead welding syMbol. This symbol is used to indicate surfaces built-up by
welding Wthrough E, fig 6-13). The dual - beaded weld Symbol does not indicate
the welding of a joint and hence has no arrow side or other side significance.
e symbol is shown on the side of the rgference line toward the reader and the
row points clearly to the surface on which the Meld is to be deposited; The
e ofsi surface buildup by welding is indicated by the height of the weld

deposit.to the left of the:symbol (fig 6-138). The width.and len§th of the
surface to be butlkup are indicated in figur,e 6+13C. When'the &Ore area of.a
Syrface is to be Built up by welding:0o dimension other than height of deposit
need be sOown on the welding symbol ('fig 6 -130). Tne buildup.pf a porion of the
surface **welding is indicated in figure 6-13E.

(2)

ti

6-6
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PAKIO WILD e. idA101.
A- APTCAT*0.1 0/.440}11114400 SYrAtOL

,j.

1111,11111

NMI
D"'"D w.Vt!' Pred4cla
0- WS 1H...rtC111 TO *I IONT W OY veltiefies.

4 El
3/6

3A.' -41MD A

ousiAoportto ...r., %.:.....);
3301;41.,X1631 1.11361101 136 WIPACI WO, Or willDoit

I-

111,11111
,veblsono. Who

D-itsimiptoAc MIT VI OY wits

7
C-2"

3 - 7

EN..
PaliSON Of WUACI MIT Vt jY.wwMNl

Non ALL OiMINIFONS SHOwN AN-INC10-6

Fig 6713. ApplicattO-Of bead weld-symbols.

(3) Surface contour of back or backing weld.. -.The contour,. flush or, convex,'Of back or

re ulred-to show the contour of fillet welds,(fig
4;king welds is shown 6Y using the contour symbol in'the same manner as'that , 1

e. Plu)11- and slot-welding symbols.

(1) General. Neither the plug -weld symbols nor the slot-weld symbols are.uSed to.:
. designate- fillet welds in holes. The weld symbols fot plug and slot welds are

identical.

..(2) Indication of plu and slot welds (fig6-14). Plug or slot Welds in the. arrow-
Ode jmember of a joint ve indicated-by the weld symbol on.the reference line
'towArd the reader (A and F, fig 6 -14).' Plug welds in the other-side.member are
indicatetby the weld symbol on the side of ttk reference line away'from the
reader (F19 6-14B). Slots in the other-side'membet for slot weldingeare
indicated in the same manner, _

f

- .

4

(3) Plug welds:

(a) Size. -The size of a plug weld is shown lon the reference line to the left of.
tie weld symbol (Cand E, fig 6-14).

(b) Angle. The included angle of countersink,appears as shown at C and E in
figure 6-14.

(c) Depth ofifilling. Unless specified,.the depth of filling plug and slot weldS
shi41.be complete. When the depth of filling is less than complete, the
depth, in inches, is shown-as illustrated in figure 6-14D.

4

(d) Spacing. The pitch icenter-to-center spacing) of 040 welds is shown in the
reference liniewto the right of the weld symbol (C and.E, fig 6-14).

(e) Surface contour. The contour of plug weld's thWare to.be made.approximately
flush is indicated by the flush-contour symbol (fig 6-4) in the same manner as
that re-T,Ored td show the cOntpur welds.(figtg).

eti

4

. . .

( :. Slot welds. T11 details Of slot welds such ache length, 'width, spacing, -,
included angle of countersink orientation, and location, cannot be shown of the

4i

'welding symbol. The information will be shown;ln,pe drawing or by a detail with-
10 reference on the welding symbol, observing the usual location (fig 6-14G). t

.
. ,
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INSIPID WIT. SECTION OR
IND VIEW

SFAMOOLS

PEJO WILD ON AillOW.INN of JOINT

. .

PLAN CA
ELEVATION

DiSDMO WELD SECTION OR PLAN OR
END VIEW ELEVATION

SYMIC
'tug 'vine IN °TIMM-11N 01 JOINT

-a

.
c D

DIMINSIONS OF NOG WILDS

. 3o 130

777___

^ E

DESIRED W ID SYMISOI

r F-11.0T WILD ON ARROW-111M OF JOINT

DWG. 23. \--7

.1/./ r
(11DIT11 Of twitlo AND MOT-WILD 222222 NCES

NOIT IiIMENSIONS SHOWN 'ARE, IN MCI, . RAIMJS993A

Fig 6-14. Pug and slot welding t'yMbols indiCating-
location and dimensions.

'f. Spot-welding symbols.

ti

'(1) General. Spot-welding symbols have no arrow, or other-side significance, although
supplementary y symbols, such as flush contour, may. have such significance.
Spot-welding symbols are centered on the reference line of the welding symbol.

,,
_

(2) Size. The sizA of.a spot weld is is diameter expressed decimally in hundredths
of an inch and is shown, with inch marks, on the refere}me line to the left of the
welding symbol (fig 6-15A). Sometimes the strength I the weld is designated
instead of its size.

4 (3) Strength. The strength of the spot-weld is designated a the minimum acceptable'-
shear strength in pouritirlper-4QZ and is shown on the re ence line to the left
of.the weld symbol' (fig 6-150,

(4) Spacing. The pitch (center-to-center spacing in inches) of spot welds fsshown on
the reference line to the right of the weld symboj (fig 6-15C). ,

(5) Extent. When spot welding extends less than the distance of the full length hf,
the joint, the,extent is dimensioned as shown in figure 6 -15b.

L*, -

(6') Nufhber When a definite' number of spot welds is deiired in a certain joint, the
---ynutt4 shown in parentheses, either,above or below theweld symbol (fig .6-15E).

0--

) Flush spot-welting joints. When the exposed surface Of one member of a spot-
welded joint be flush, that surface is indica4ed,by adding the flush-contdur
symbol, observing the usual arrow or other Side location significance (fig 6-15F).

6-8 4. 19-0
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4.

SLIVI.X

A NH of SPOT WILDS

-yrkstros or Ws Aso'
11.

4
C StA CI N Of SPOT WILDS

DESIRED WELD A-A WELDING SYMBOL

APPI.SCAIKIN OP WILDING SY)4110t r SNOW IXTIT OP SPOT WILD

f3/

INLIA411111 OP SPOT WILE*

.

OP M WS ILDS

Fig 6-15. Spot-welding symbols indicating size, strength,
spacing, extent, .and; number.of.welds.

4'

A

g. Seam-welding symbols.
A

A

- r ,,.

(1) General. Seam-welding symbols have no arrow'or other-wide signiffetincew although
they can be used with the supplementary contour symbols which will have so

. significance. The seam-welding tymbol is centered on the reference line of th
welding symbol. Alf.

r ,f
1

. (2) Size (fig 6- .16A). The size of the seam weld is designated.as the width.of the'
weld, expressed in hundredths of an inch, and is shown with inch marks to the left
of the weld symbol. Sometimes it is expressed by specifying the strengV of the
seam.'

.3) Strength. The strength of the seam is designated as the minimym acceptable shear
strength in pounds per linear inch and is shown to the left of the weld symbol
(fig 6 -16B). p

(.4) Length. The length of the seam weld, when specified, is shown to the right of the
weld symbol (fig 6-16C).

(5) Extent.-4°Whefti.seam welding extends the full length of welding, between changes in
direction of the weld, no length dimension is shown. However, wheh seam welding
extends less than the full length of the joint, the extent is dimensfbned as shown
in figure 6-160.

0 . .

(6) Space. The center-to-center spacing of intermittent seam welding is'shown to the
right'of the lengthdimepsion on the welding symbol, referencepne (fig 6=16f):
When intermittent-seam welding is used between continuous sewn welding, the symbol
indicatesthe spaces equal to the pitch (center-to-center) minus the length 'Acre
increment; and is shown to the left at the end of the. dimension length.

(71 Flush- seam-welded-joints (fig 6-16F)2 When the exposed surface of one member 'of a
seam-weldedSO-int is to be flush, that member isrjndicated by the addition of the
flush-contour symbol.

6-9
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I

I

Fig 6-16: Seam-welding symbols indicating size, strength, length,
extent, and contour of welds.

p

4

h. Projection welding symbols.

. (1) Location. The location of embossments on the arrow-side member of a joint for
projection welding are indicated by the weld symbol on the side of the welding

symbol reference line towar0 the reader (fig 6;-17A). Embossments on the other

side of the joint are indicated by the weld symbol reference line away from the

, feader'(fig 6-17B).

(2) Dimensions. Dimensions of the projection weld are shown on the side of the
reference line as the weld symbol, and are dimensioned by eiVer size or strength

(not both) as described below.

(a) The size of the prdiection weld is designated as the,diameter of the weld

expressed decimally in hundredths of an inch and is shown with inch marks to

the left of the weld symbol (fig 6-17C).
11'

(b) The Itrength ofprojection welds is designated as the minimum acceptable shear

strength in pounds per weld and is also shdwn to the left of the weld symbol

(fig .6 -17D).

(3) Spacing (fig 6-17E). The pitch spacing in inches is shown to the right of the

weld symbol.

(4) Number of welds. When a definite number of projection welds is desired, the
number is shown fn parentheses above or below the weld kymbol (fig 6-17F).

(5) Extent of projection welds: When projeotion welds extend less than the distance
between changes in the direction of welding or less than the full length of the
weld joiilt,'the extent is dimensioned as illustrated in figure 6-17G.

(6) Flush contour projection welded joints. WW1 the exposed surface of one member of

a projection Soint.is to be flus, the surface is indicated by the addition of the

flush-contour symbol to the Oeld symbol, observing the required prow side or

otheri-side significance as shown in figure 6-17H.

6-10
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INDICATED SECTION OR PLAN OR
EMBOSSMENT ' END VIEW ELEVATION

SYMBOLS

A-M*031041NT ON ARROW -SIDE WAIVER Of JOINT POO PROJECTION WILINNSI

INDICATED
EMBOSSMENT

SECTION OR PLAN OR
END VIEW ELEVATION

SYMBOLS

.-INIBOSIMENT ON OTHERSIDE MINAIIR OP JOINT FOR PROJECTION WELDING

030

c.:DIAMITEII Of PROJECTION WILDS

'AI-SPACING Of PROJECTION WILDS

A

D -STRENGTH Of PROJECTION WILDS

131

F-NUMBER Of PROJECTION WILDS

DESIRED WELDS. A.A .. SYMBOLS
G-APPLICATION Of WILING SYMBOL TO SHOW EXTENT Of PROJECTION WILDS

7/ y- CONTOUR Of PROJECTION WILDS-. .

Trojection welding symbols' indicating location, dimension,
spacing, number, extent, and contour of weld.

P

EXERCISE: Answer the following 'questions and check yopr responses against those listed at
the end of this study unit.

1. The symbol appearing on a reference line that inAcates a bead weld is ,to be made
l is

a.

d.

a

2. Projection and upset welds are si4nified by symbols.

a. gas-welded c. supplementary
b. arc-welded d. resistance-welded-V-

)

6-11 95
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3. The symbol which 11s the supplementary symbol for a joint that is to he welded in
the field is ' .

a.

T.

c.

d.

4. A joint that must be welded on both sides is identified by

a. the word "weld" on both sides of the reference line.
b. a weld symbol on only one side of the referehce line.
c. weld symbols on each side of the rellerence line.
d a "weld all around" symbol.

5. Flat -face fillet weldS that require no additional weld finishing are indicated by-
the
1. -
a. flush-contour symbol. c. use of double arrow.
h. additio of, a notation. d. position of the reference line.

6. The symbol illustrated represents a combination of welds.

a. bead, single-J-groove, and fillet
6. single-bevel groove and double,-fillet
c. fl ush-contour

4.4
d. single-bevel groove and bead 1

-

Note: Question17-9 pertain to this diagram.

7. Tdentify the type of weld shown in the it

_- a dual bead c. chain intermittent
b. staggered interbittent d. surface 501 dup

8. The numeral 2 indicates the weld is

at made in 2 passes.
b. 2 times the thickness of the metal.
c. 2 inches long.
d. ' made 2 times in 12 inches.

4-12
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6;a51. identify a ifiiint shown in .'he illustration.

1
4

. .4 4

a

, a. butt
4). tee

O. The symbol illusth indicatesndicates the finished weld is-to be

flush
d. . overlap

a. chipped.
I): flush.-

c. graded.
d. macliined.

A'

11.8,7110 symbol you should use tolesigttate a tee joint with detigttd 'fillet welds of
1/4 inch on,the left and,1/2 inch bn the right is

_r
4" 0

12. The formula, depth of chamfering pilus (the root penetration equals joint
penetration, refers to the size/of a weld.

a. fillet
b. groove

c. 'plug
d. slot

13. A V-type groove weld with,a groove angle of 15° is illustrated Icsymbol

15'

a.

b.
,

e.

15. d.

14. The entire.surface(buildup in bead welds is shown1by

a. the height of the deposit.
b. the width and depth of the deposit.
c. the thickness and 4ngth Of the deposit.
d. all of the above measurements..

15. The symbol which 'represents the illustration

41.
`Mb

at the right is

1.1

. si (ED s
t%1.1.1)

16, Plug Gael d sizes are shown ,en the line.

rojection c. center
d. datum

ft

'. reference

17. The weld symbol for a plug weld is the same as that used to identify a
weld.

a.,, fillet

b.' butt
c, groove
d. slat

6-13
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18., The symbOt illustrated is called a (an) )

a. arrow-side fillet weld,

b. both-sides fillet weld, one joint,

c. other-side fillet weld,

d. both-sides fillet weld, tWo joints

19. A weld is called for-by the et04 shown in this illustration.
t

/ 31
6°

\

-4

a. plug c. 'groove
,

,

b, spot / ,
-Ad. fillet

, :

11, 1

20. In the illustration for quest*on 19, the numelua 3 indicates the
-,

1

a. number of wilds. \ c. angle of weld.

b. size of welds. C d. spacing of weld.

21. The size of spot welds is designated in

a. letter sizes. c. hdhdredths of an inch.

b. fractions. d. thousandths of an inch.

22.. In parts fabricated by spot welding, the greatest concern is the spot's

a. tensile strength.
b. size.

c. appearance.
d. shear strength.

23. The symbol below illustrates the of spot welds.

a. number

'b. strength
c. size
d. spacing

24. The length of a,. seim weld is given when the

(1)

a. weld surface is convex.
b. weld surface is concave.

c. joint is longer than .6 inches.

d. weld is shorter than the joint.

25. On a blueprint, the strength of a seam weld wqpld be shown i

C

a. pounds per square inch.
b. pounds per square foot.

c. linear pounds per foot. f

d. pounds per 1 inear inch .

26. In intermittent -seam welds, the 4, tance from center to center

called the

a. pitch.- c. projection-.

b. protrusion. d. embossment. 4

of the'weld pis

27. The symbol illustrated designatesPthe of a seam weld.

a. strength
b. size
c. length
d. contour.

X X
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28. Identify the symbol that represents the. desired weld illustrated, 0

SUMMARY REVIEW

I
LJ

7

'?..

. In this study unit you have learned t6 identify the weTtling-symbots, standardized by
the.Afierican WeldinA Society and the Department of Defense.

.4.

.0

4

/

9

0

s

t

1,
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Answers tp Study Unit #6 Exereises

Work Uni t 6,71

1.
2.
3.

.4.

b.
c,

-d. -
a.

5.
6.
7:
8.

c.
b.
a.
d.

Work Unit '6-2

1. b_
2.' d.

3._ a.
4. c."
5. a.
6.. b.
7. c.

a. b.
. 9. b."

.10.* a.
11. d.
11. b.
13.- a.
14S. a. 1

15.
16.
17.

19.
20.
21.

d..
b.
d.
c.
a.

,

c.

22,.'" d.
23.1-

0'114.; d.
25: d.
A. 'a,.

. 27, bl
28. a.

e

Y

-

1

4
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METALWORKING AND WELDING OPERATIONS
.1

Review Letson

structions.: This review lessbn is designed 'to aid you in prepayMg for your final exam.
ou 4ould try to complete this lesson without the aid of reikrence mater'hils, but If you do

not know an answer, look it up\and remember what it is. The enclePsed answer sheet must b.e
i)led out according to the instruCtions °tlts reverse side and mailed to MCI using the

envelope proVided. The question's you miss will be listed With referenea on a Ifeedba'ck sheet
(MCI -R69) which will be mailed to-..your commanding officer with your final exam. , You sholtld
study the reference material for the questions you missed before faking the final exam,

A. MtiltipleChoice: 'Selct the ONt answer that Best completes the staaent ors answers the
.

question. After the corresponiing number on the answer sheet, blacken the appropriatecircle.

Value: 1 point

/__
1 .

(
The two most commonly used methods of welding are/ N '

-N.
. a. gas and TIG. li. c. TIG and MIG.

h. MIG and electric. d. gaS and electric/
lk

2. ontrol and direct the heet on thes,edges of-the metal to be welded and add a
su t. le filler material to the pool of molten metal is the principle duty.,
in wel ding.

%..) ,
a. o acetglene c. electric arc
b. G \ d. TIG

1.1

'3.; he characteristics of meta) tha,eenable it to resist cleformatihn by external forces
e Called ' properties.

a.' chanical c. physical
d. metalb. internal

4. Metal properties determined by chemical compbsitlons which cannot be changed by
heat-treatment. are called

.

properties.

a. mechteiical c. physical
. in ternal d. metal

5. fhe four types of cast iron are gray, white, malleable, and

a. pig.
b. wrought.

6. All fivol types of plain carbon steels are

) a. alloy
b. ferrous

c. low.carbon.
d. tool.

metals.

c. eon-ferrous

7., The seven principal me `l's used in manuitcturing steel are referred to as
metals.

a. alloy
bf ferrous

c. non-ferrous

R-1 201'
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B., Match the nonferrous metals listed as "8" through '12" ip column "1" with the correct
characteristic, listed as "a" through "e" in column "2 ". Check your responses with those
1 isted at the end of this study unit.

C.

Column 1

8, Aluminum 4
9. Oxygen-bearing copper

10. Aluminum bronze
11. Cgpper-nickel
12. Masignesium.

Column 2

a. Hardness, ductility, resist
scaling and oxidation

h. Weldable, white metal, low
meltingpoint, machinable

c. Medium strength, ductile, tough,
malleable"

d. High strength, light wetght,
resists coyresion

e. Moderately hard, tough, ductile

Multiple Choice: Select the ONE answer/ that BEST completes the statement-1er answers the

question. After the corresponding number on the answer sheet, blacken the appropriate
circle'.

13. A metal sheet with a classification numbeh of 2340 indicattis it is made of
steel with a content of and a carbon content of

a. nickel', 3% nickel, 40
b. nickel-chromium, 3% nickel and 4% chrome, 0

c. chromium, 34% chrome, n

14. When studying the behavior of a metal you are 1erforming the

a. fracture c. torch
is b. grinding wheel. ' d. appearance

test.

tz-1

15. To develop ductility, induce toughness, and to aid machinability are three reasons for

a. identi fi tion of metal .
h. heat-tr ing metal.
c. manufactu ing metal.
d. testing etal prior to welding.

16. The five most common forms of
normalizing,? and case hardening.

'a.' heat-
b. i den tt k:ng

17. Oxidation of the metal , during heat-treating is caused by

metal are annealin,g, harden
S.

i ,

c. testing

a. overheating.
b.', underheati'ng.

.
ng, tempering, I.

c. incorrect quenching.
d. improper annealing.

18. When quenching a metal part in water, the proper way is to

1 a. dip it and do not move it.
h. dip it and keep it moving.
c. place it -gently on the bottom. of the bath.
d. spray it gently with a hose.

19. At which point does the most radical changes occur in metal during heat-treatment?
. e

a. Heat-treating point c. Tempering point
b. Critical point d. Melting point

w .

20. Three changes take place when Meat - treating metal; they are appearance, grain
structurfed grain A

b r a. disintegration. e. shrinkage.
c. distortion. d. growth.

i
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21. All of the below are types of heat-treatingiurnaces EXCEPT

a. electrically fired.
b. bath.

,

cf coal fired.
K. oil and g's fired.'

22. The temperature of rnetakbeing heated .isl measured by a
) ,

a. thermocoupling ,0 c. thermostat

4 k
,

.ft

d. pyrometerb.., dial -.indicator ,

23. A lack of penatration would be an indication that you are well).* with

a. a dirty or rusted welding sulface.
b. too long an arc.
c. too short an arc.

24. When welding with the elect Ede connected to the terminal and the work
connected to the - terminal, you are welding in reverse polarit*

a, negative - negative
b. negative - positive

positive - positive
d. pos negative.

25. 4, when you are welding in a corner or approaching an abrupt turn, magnetism makes
.

the arc unstable and difficult to control, you are experiencing .

a. gas expansion c.. electromagnetic forces
b.. gravity d. arc blow

26. "FPI, principal parts of a groove and fillet weld are the root, toe and

P
a. , fusion n zone. c. face.
b. throat. d. ldg.

I

1 27. Bead, fillet, tack, groove, and plug and slot are types of

a. edges c. joints
b. symbols d. welds

D. Matching: Match the five types of joints in column 1, 28 -3k, with their correct /uses, as
listed in Column 2. /

Value: 1 point each'
f

Column 1 Column 2

28. Butt a. To join two edges of sheet metal
29. Corner. b.-. To join two plates at 90°
30. Edge angle to each other

t 31. Tee c. To join two edges or surfaces of
32. Lap two plates located approximately

in the same geovietri.c plane
To Pin two memOers located at
right Ogles to each other

e. To join overlapping plates

E. Multiple C 'doe: Select the ONE answer which BEST completes the statement or answers the
question. After the corresponding number on the answer sheet, blacken the appropriate
circle.

Value: 1 point each

33. The best type of weld tolise when building'up a surface is a

a. slot. c. bead.
b, tack. d. fillet.

34. A clear cover glass is placed over the protective filter fens to

a. filter infrared rays.
b. reduced glare.

R-3
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c. protect the- colored lens.
d. keeps- the colored lens clean.



35. Yqu shoul4 not use a color filter lens used in welding helmets that varies more

than
4 shades from the prescribed shade number. *

. /

.
c. 6

..d. T- -'
,

36. The material used to make welders Igla is. "

\

1.. .4,
A.

4: leather.' S c. -pig skin.

b: nylon. t.
u

d. cotton.-i-
..n.-

0 441

'.7- .

.

37. Jo prevent flickering reflections, an area where we,ing is being done should be
Ti-:.10-1)Ainted.

a. 2

b. 4

- f
.

,

a. flat black.
1.

,..

z. c. 'olive drab.

b. dark green. d. dark orange.

38. The letter "E",,An an electrode classification number, -stands for

a. tverything rod. c. evaporating rod.

4 b. electrode. d. electric.
:

39. The second and third digits of an electrode classification number stand for

a. size-of rods. c. tensile strength.

b. size of bead it will produce. 1 d. amount of rods'per pound.

40. The fourth digit of an electrode classifikation number stands for

a. the amount of rods per pound times one thousand.

b. t4 type of rod.
c. _tensile strength.
d. the position in which-it may be applied.

41. A rectifier-type welding machine produces current.
, 0

a. polar f .

current.

c.

b. a. c.
. , d. either a. c. or d. c.

,

42. The LM-62 welder is a

a. gas engine driven, self contained d. c. welder.

b. diesel engine driven, self contained d. c.. welder.

c. gas engine driven, self-containeda. c. welder.

d. diesel engine driven, self-contained a. c. welder.

)4.

43. The starter on the LM-62 welder should be allowed to cool for Cat least

after of cranking.

a. 30 seconds - 2 minutes
b.' 45 seconds -.1 minute
c. 1 minute - 45 seconds
d. 2 minutes - 30 seconds

44. The gage should be checked afterrunning the LM-62 welder for

to seconds.

....7

, .

a. fuel prqssure/30-40' ct oil pressure/10-20

b. ammeter/20-30, d. water temperature/0-10

45. Proper polarity is best described by a
w

sound.

a. low hissing c., high hissi ng

b. loud drumming d.- sharp crackling

46. There should. be approximately or all inch penetration into the base metal

for a good beadweld. .

a. 3/16

b. :1/4
mr,

c. 1/8
d. 1/16

rra
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47. The purpose of quenching plates crimped parallel to the seamityhen.we1dfng sheet metal.
is to )

a. hold the metal -in,place 4or welding.
- fh. serve as deflectors for sparks.. ,

c'. acts as 'a backup plate for
d. decrease expansion .and.cOntra on hy. absorbing the heat.

k .

48: An essential part of anyjob is awareness of possible hazat;;ds, knowledge e`yilys to
avoid or control dangerous conditions and 7'

j..01

4

a. 'safety rails,
t),1 -Safety consciousness

An acetylene cylinder 'is, a
t color.

a, green
b. yellow

c. the position used.)
d: type of metal.

c. gray
d. gray w/ white band

50. The narrow.slit formed when steel has been cut with a torch is a

a. line cut
h. cut weld

1

51. When cutting Td steel, 1 inch thick, use size tip

a.: 6 c. 2
b., 4 0

.-
52. . The correct method to use when.. cl ning a cuttiWg torch tip is to use the proper-size

tip cleaner and ,

C. kerf
d. opening-

a. then use the next si-A larger tip cleaner.
b. then use a fine piece of wfre and rotate.
c. then rotate the cleaner .

d. --push it into the oriface.
N

53. An oxygen cylinder

a. green \ .. gray s e
b.. yellow .0 _

ile gray with a white band
Ay .. saw

54. A high pressure gauge which is graduated from to psi on the

color!

inlet side of the regulator `1,s the oxygen gauge

a. 0-1,000 c. 0-3,000 .4.r.2_
b. 0-2,500 d. 0-5,000

,5. A high pressure gauge which is graduated from to on -the inlet
,side of the regulator is the acetylene gauge.

a. 0-1;000 psi . c. 0-220 cubic f.eet p'
b. 0-2,000 psi d. 0-2,500 cubic feet

56. Two based alloys used in ;brazing are and. .
a. Aluminum - lead c. Lead - copper
b. Magnesium - silver " .d. Copper - shiver

57. When the rod is kept, ahead of the welding tip, the technique of welding is
called .

a-.1 backhand
b. underhand

t.
58. When the tip is kept ahead of the rod the welding technique is called

c. forehand
d. overhand

a. backhand
b. underhand

C. forehand -
overhand

R-5 205
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59. If you are cutting metal too slowly with a rch, it will cause

b

a. the preheat flIme to melt the edges.

b. a Clean, shaft) cute

c. an enlarged erf.

d. too much oxygen penetration.

60. To start a cut in the middle of a piece of metal you must.

. tilt the torch tR. 450 angle tOpreheat the metal and open the high pres4ure

61

value slowly.
b. raise the .prch slightly for slower heating and open the'high pressure value

quickly.
...lower the torch tip for faster heating.and open the high pressure value quickly.

d. keep the torchAlp at a 91:143, angle and open the high pressure value quickly.

To cwt a pipe with a torch you, should

a. move the tofth around the p4pe. . 7

b. rotate the 'pipe and hold the tprch'still.

c. move the torch first down one side, then down the -other.

d. move the torch, at a 450 angle, completely 4 ound the pipe.

62. Wheh checking a cylinder for leaks, you shopld

a. use a -leak detector.

b. use a4sApy water solution.

63. You should use

a. heavy plastfc
b. rigid bridge

type goggles when gas

c. use a flame.
d. smell for fumes.

welding at eye level or above.

eye cup
d. clear .

64. Acetylene working pressure in excess of < psi must be avoided.

a. 50
b. 40

c. 20

d. 15

.r

65. A gas leak between the regulator seat and the nozzle is caused by a

a. broken gauge tube c. cracked, worn, or dirty valve seat

4. b. leaking torch valve d. defective gauge

66. If you receive a shock while operating the LM-62 welder, the problem is

a. the Welder is not properly grounded. ,

b. the electrode holder spring is weak.

c. the commutor is dirty.
d. 6 the polarity is wrong.

67. The dynamotor starts but rotates in the wrong direction the problem is

a. dynamotor switch is defective
b. d.c. ammeter is defective

c. _external powerlines are incorrectly coRnected

d. drive belts are defective or worn out

68. You must make sure the end of the electrode wire extends approximately

inches beyond the end of the nozzle of the SWM-9 torch before starting to

a. 2 1/2
b. 2

b. 1

c. 1/2

69. Hawks-bill, trojan, aviation, and are the four types of snips.

a. straight

b. circle

c. flat

d. rptary

70. The name of the snips used for several types of cutting is

a. aviation
b. hawks-bill

R-6

b. trojan
d. circle
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71. Throatless, handbench, and are the three types of shears.

a. squaring
b. manual ..

72, The cornice brakeipachine is designed for
A

a. shaping small strips ofsheet metal.
b. bending small'pieces of cast iron.
c. bending large sheets of metal.
d. cutting irregular shapes.

c. straight.'
d. power

73. The machine used for burring a disk is a machine.

a. grinding c. slip -roll, forming 1
b. rotary d. deep-throat, bending

74. The allowance for a lap seam which is to be riveted with 1/8 in. rivets is
inch.

a. 1/8 c. 1/2

b. 1/4 .
,

d. a/4

75. . In making a corner lap seam is to= riveted, your allowance for clearance should be

a. 4 times the diameter plus 1/16 inch.
-b. 2'1[2 times rivet diameter.
c. 4 times rivet diameter.
d. 1/2 the lap width.

76. If a 3/8 in. grooved seam is specified, your allowance on each edge would be
inch.

a. 3/8 c. 3/4

b. .9/16 d. 1 1/8

77. The type-Of seam used fog the construction of a cylinder is a seam.

a. grooved
b. Pittsburgh lock

c. plain lap
d. off set lap

78. With reference to the cket depth on the Pittsburgh lock seam, fhe width of the

flanged edge must be

a. more.
b. less.

c. the same.
d.' twice the pocket apth.

79. The four basic types of handtools used 19 repairing body damage are

a. bucking bars, chisels, hammers, and arc welder. ,f

b. hammei.s, arc-welder, metal dollies, and sandjpg Machine.
c., hammers, bucking bars, chisels, body files.
d. hammers, metal dqllies, sanding machines, body files.

80. In the diagram below, the reinforcement plate should b, welded at

a. 1, 2, 3, and 4.
b. 3 and 4.
c.. 2 and 4.
d. 1 and 2.

R20 7

,



81. Whet.founct on a bar or "

a. the manufacturercod
b. 30% iron. and 70% zinc c tent.

c. 30 to 70%`lead content.
d. 30%-tin and 70% lead content.

82. A joint which 'is to

k" df solder, the numbers 30/70'indicate

b.

c.

d.

weld' symbols on
one weld
the word "wed"
color code:

be welded on 'bOth, sides. is indicated

each side
underliAtd
written on

83. The symbol for a slot weld is

a. plug
b. fillet I

of the reference 110:

the metal,

the same as that

84. Plug weld sizes are 'shown on the

a. datum
b. projection.,

ft

85. In the drawing below, a

114

a. groove bevel
b. plug or. slot

used for a,

c. groove-
d. butt

c. ,reference

4. b6rtom

weld is shown.

86. In the supplementary symbols illustrated below,

b:,... O. 0-

87. Illustrated below is a dual-bead welding

a.

b.

c.

d.

surface built up by welding.-
the welding of a joint that has been spot welded.
single backing welds.
double backing welds.

c. square
bead

t\\

weld.

4

indicated a field weld.

symbol which is used to

88. In the drawing low, (is illustrated.

89.

a.

b.

c.

d.

the

the
the
the

spacing of spot welds in inches
width of a spot, weld in tenths of
number of spot welds desired at a
shear strength of the spotweld in

(4)

an inch .

certin joint
thousaads of'pounds

The welding symbol illustrated below indicates

a. V-groove.
b.- seam weld.
c. projection weld.
d. spotweld.

2
R-8

208

indicate"

4

I

6

I



p

Note: Questions 90 and 91 pertain to this diagram.

90. The weld symbol shown is a

a. groove bevel c. slot
b. bead d. V

91. This weld should be made on

a. arrow side of the joint.4
b. the side of the joint away from the reader.
c. any side of the joint with this symbol.
d. opposite,side of the joint.

92. The symbols below are projection weld symbols. The numbers indicate

I

.1%

a. the 4th and 6th weld to be completed.
b. the shear strength in thousands'of pounds.
c. the pitch spacing in inches.
d. the pitch spacing in feet.

W
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